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INTRODUCTION. 



It has been the lot of the author of the fol- 
lowing pages, during the last seven years, to be 
devoted to teaching Chemistry as a science. 
He has, in common with many others of the 
same profession, suffered much inconvenience 
from the want of a suitable text book. The 
works designed for this purpose, and which have 
obtained the most extensive circulation, are 
Comstock's Elements and Jones' Conversations. 
The latter is a most interesting and valuable 
book, and had it been written in «ny other 
form than that of a dialogue, the author would 
not have been compelled to apologize for writing 
a book. It is a universal complaint with teach- 
ers, that the Conversations is much curtailed in 
its usefulness from the form in which it is pre- 
sented, conversations being generally considered 
by teachers as unsuitable for school books. 

The work by Comstock, though expressly de- 
signed to supply the wants of teachers, is very far 
from having accomplished that object : — to begin- 
ners it is often obscure, and frequently unintelli- 
ble. Abounding as it does with so many hete- 
rogeneous compilations from different authors, 
whose works were frequently designed for very 
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different purposes, it was impossible to avoid 
irregularities in the character of the work; 
hence we find in some parts a prolixity of scien- 
tific detail, equal in length and minuteness to 
that of the most elaborate treatises. Take as 
an example, the chloride of lime or bleach- 
ing powder, which subject occupies more space 
in this little book of 345 pages, than in any 
other treatise I have seen. The celebrated work 
of Dr. Turner, containing 990 pages octavo, 
gives a full and complete description of the 
same article in three times less space. The 
chapter on chemical attraction or affinity is ex- 
tended beyond all reasonable limits, thirty pages 
being devoted to a department which should 
have been despatched in fifteen, or twenty at 
most. The defects above named, in the works 
designed for the use of schools, are the chief 
reasons which have induced me to prepare for the 
press a work, which, it appears to me, is much 
needed. From a continued and almost exclu- 
sive devotion to the laboratory and lecture room, 
for the last six or seven years, it will, I presume, 
be acknowledged, that L have had an opportu- 
nity of appreciating, in some degree at least, the 
wants of the puWic in this respect 

It has been a serious objection to the introduc- 
tion of chemistry into schools, that the works 
devoted to that subject were so large, and often 
uninteresting, thepupils being discouraged at the 
onset, from the apparent laborious undertaking. 
To remove such objections, I have endeavored 
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to confine mjTself to the plainest and most ob- 
vious laws and principles, omitting those of 
a more complicated nature, or, that are not es- 
pecially adapted to the weints and capacities of 
the common and boarding school pupil. I have 
accompanied, as far as practicable, every prin- 
ciple or law with an experiment or observation 
for illustrating the text, printed in smaller type, 
being satisfied that one or two experiments for 
illustrating a principle, if simple and easily per- 
formed, is much better than more, though 
equally well devised. 

As the work was not intended as a manual for 
the experimenter, nearly every thing relating to 
manipulation and necessary for the teacher only 
is left out ; because such matter was considered 
unnecessary, as the mind of the pupil should be 
directed rather to the principles of the science 
than to the methods of experimenting. The 
experiments described are of that simple charac- 
ter that no teacher ouffht to fail in performing. 
This is a point that has not been sufficiently 
attended to in works hitherto published, a cir- 
cumstance which, it is believed, has been a 
great obstacle in preventing teachers from giving 
practical illustrations to their pupils. 

New- York, Dec. 1834. 
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GENERAL REMARKS. 



4ll substances with which we are acquaint- 
re endowed with two kinds of properties, 
ncal and chemical. The former belong to 
ural Philosophy^ the latter to Chemistry* 
former considers matter in masses, and 
sially treats of its motions as perceptible to 
ye, while the latter considers it as made up 
linute particles, and treats of those motions 
jh are generally imperceptible to the eye. 

at. 1. If a loaf of bread, as mentioned b;^ Mrs. Marcet, be 
ito sliceB, or {(rated down, the operation is mechanical, 
elongs to natural philosophy; but if it could be separated 
le flour, the yeast, the water, and the salt, which composed 
process would be chemical. 

A. piece of marble may be broken by a hammer into the 
St fragments, the operation would still be mechanical: 
ch particle, however small, is of the same nature ana 
»e8 the same properties as the rest. If however, the 
e be heated to redness, a quantity of fixed air or carbonic 
I expelled, leaving common quick lime ; if the heat could 
« sufEciently increased, another kind of air called oxygen 
ould be driven off, and a pure white metal resembling ail« 
>uld remain. 

e operation of tlie hammer developes the ohysical, while 
f heat developes the chemical properties or marble. 

Chemistry is that science which treats of 

eicribe the two classea of properUei 1— Describe iUostratloB fintt 

be Ulustration second 1 

rhatlscbemlstryl 

3 
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the combination and decompoeition of 

and of the properties which they acquire by ssuch 

changes. 

Obs. As chemists arc chiefly confined in their operationi li 
heat and mixture, this science has frequently been teimed " tb 
scienco uf heat and mixture." 

3. All bodies have been divided into two great 
classes imponderable* and ponderable; the for- j 
mer includes light, heat, and electricity ; whik 
tlie latter includes all other varieties of matter. 

4. Bodies are also divided into simple and 
co7npound: a simple body is one whose partidei 
are all of tlie same kind. 

lUust. A piece of load may lie hammered, cut into the mi- 
nutorit frnginonts, or molted, still it {)0Asesse8 the propeitki 
common to load in general, for it contains no other Bubstaneb 

If wo had found intimately combined and melted with iti 
quantity of copiMJr or tin, it would no longer be a simple body 
but a cumpound : hence, 

5. A compound body is one that is made 19 
of two or more simple ones. 

f). The methods used by chemists to separate 
the parts of a compound body, are termed anor 
li/sis^ while those used to combine the ingredi- 
ents and form a comi)ound, are called synthesis, 

lUust. r>y ByntlioHis wo unite the metals copper and zinc tt 
form brass '; by analytJiK wo ox|>oso the brass to a white heat, 
tho /inr ftoes olfin vajior, and pure copjH'r is left. 

7 The number of simple or elementary bodies 

3. IldW an' iMxIii-ri (ltvhk«t, hiuI wliiil arv ilic iiupondurablel 

4. I irttiM' >iiiitpl(- "i>*i ('(>iii|Miun<l bodies 1 
r». Di'fiiM' aiiulysi> aiul syinlH-nis? 
7. How muiiy siiuplu btKlUM*? 



* Imponderable bodlcj« arc siuli hs have no perceptible weight, whlH 
ponderable aresucb as can be wclglied. 
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(except the imponderable ones) is fifty-four — 
thirteen of which are non-metallic and forty-one 
are metals. 

8. The subject of the simple or elementary 
bodies with their various artificial combinations 
is frequently denominated inorgjanic chemistry, 
to distinguish it from that part which treats of 
animals and vegetables, and which is called or- 
ganic chemistry. ^ 

9. The subject of this treatise will be divided 
into five parts. 

Part 1. The imponderable agents. 

2. Non-metallic combustibles. 

3. The metals. 

4. Vegetable chemistry. 

5. Animal chemistry. 

— »— — ^— ^~~ 1 1 1»— — ^^»» 

8. Describe organic and inorganic chemistry 1 

9. How is the treatise divided ? 



PART I. 
IMPONDERABLE AGENTS. 

CALORIC, LIGHT, AND ELECTRICITY. 



CHAPTER I. 

Caloric. 



10* Caloric is generally considered as a ma- 
terial agent, and as such it is described as a very 
subtile fluid which emanates from all heated 
bodies in the same manner as light is emitted 
from all luminous bodies ; that is in straight 
lines. It is so light that our most delicate ba- 
lances indicate no perceptible weight in it, and 
hence it is called imponderable. It is very inti- 
mately connected with light and electricity, and 
it is quite possible that the phenomena of all 
three may hereafter be found to originate from 
one common cause. 

11. In the present work Caloric will be con- 
sidered as a material substance, without enter- 
ing into the arguments for or against this opi- 
nion. 



10. Describe caloric and its connexion witli light and electricity. 
U. How is caloric regarded by the author? 

2* 



ii Hbk If I rem jmiimi tc 4ip 
pr:»6:i'-'ei il uf :^ l iiir iincy j: if T^isrefoR 
cot 'X ziii f]fi«!:it X sLoriL biic ^rsrigpt ixi n 

lilt !*^rjtLr£. "liiL: ii*r* if u: iaic ir mcL 
IS Al uioa vii*5L iiTiL-ifsc rrrt niir 

ire i::»:«:Y tL*: bs^d i: i iiin iinrr. £ ▼lan rf ifi 
cslvr.': it inijitr-tjf "-: thit hiziL tad excites in 
Ufc I'iJz MTLStiioi. cf brs.: : :i :c :iir !?.:»ntraiy, the 
hand ^x: plung^ iLi:- ciud "atitr. :: -^riH £iTeiip 
a pin of its cador-c i:« ie Tiicr prMiucing in 
U5 t?i*; senssuion of coLi. 

14. Caloric win l* treaiied iinder the follow- 
ing hfi'dAs: radiatwn. coruluciioru the qi 
of caloric, specific cala^ic. and the sources d 
caloric. 

All /icaUjfJ bodifi impart their oJoric in two modes, caIM 
raiiiatiofi and conduction. By radiation we mean the instaft* 
lanctouH paiMftfjc of caloric from a heated bodjr through i|Moe; 
by rtmducHvn, we mean the slow transmimon of it from out 
(Nirtiiin ii> arifjilMsr of the same body, or firom one body to anc^ 
tlini that in iu contact. 

RADIATION. 

1 5. (^ali)ric is mdiated from the surface of a 
hot luuly in all directions and in straight lines, 
hnu'ist^ly iu Wxty m\\\c manner as light is emitted 
iuMw i\\\ linuinons iKnlios. It passes with equal 

l\J \V um u \Ut UkiKMrtu-o lM't\« tvu h< at and cak^ric? 
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freedom through air, every species of gas, and 
through a vacuum. 

16. Rays which emanate from heated bodies, 
whether luminous or not, may be reflected in 
the same manner as light, and are susceptible 
of many economical applications. 

Must It is to radiant caloric that we are indebted for the 
warmth and comfort of our apartments in winter, stoves and 
fire-places being generally so constructed as to throw out the 
heat into the room. 

17. That heat radiates from bodies in straight 
lines may be illustrated by the experiment with 
the concave mirrors, which are placed opposite 
each other, and about ten feet apart ; thus, 

A and B, the mirrors ; C, the hot iron ball ; and D, the air 
thermometer with its scale. 



Exp. 1. The calorific rays proceeding from C, fall upon the 
mirror A, and are reflected from it in straight lines to the mir- 
ror B, where they are asain reflected in such a direction as to 
meet at the point D, which is called the focus^ and in which is 
placed a delicate air thermometer, the air bem^ expanded in 
the bulb, forces the liquid up the stem in proportion as the tem- 
perature is elevated. 

JSJrp. 2. If we vary the experiment by putting in the place 

16. Whatarethe properties of the calorific rays, and how Js itillustraiedt 

17. What illustrates the reflection of calorici— Describe Exp. i, a, J. 
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ih'j '.\:/*.r::i.':iii> oi' Irii'tuhcuz. silver, gold, ill 
o:*;* r. ury <u[A.r:or. while iron. platinuiD| 



:' l<>i:es. the metals are di 

j^:r :•-<:: oi a^ conduciors. According til 

er, gold, 111' 
atinum, ffli 

l»,a«l. ure irrtatlv init-rior. 

fKrjj. "ill'- af:coaipanyLn^wood cat indicatfliai 
XAi\^^' i:i«truin«*nt for illiMlrating the nUative cobAl 
irii; {fuwcr of Jitlcrent metaU. and connatsoftl^ 
t'uhir picrt' of hcss a with a hole in the oentfB^tfi 
I'liiitaiiiini; a nu.'iibtr of bars of didfereot metalLfliA 
)i:iviii^ 11 s II Kill i*a\ity in its extremity Ibr holmi^t 
liiirc (if {)h<)4{)hi)rus ; havln^r supplied each cavitj wA 
iilhis|.liiiriii«, tlic (Tiitnil pitre a i« held over the flame of a tfiA 
lniii|i, iiikI tl.i' (Mloric n)ii(liK*t«'d along the diflferent metallkidi 
\m\\ iiiIIiuiii' till' |tliiM|»liiiriis in that first which is the besteofr 
(Initor, iiixl HO ot tho othors according to their conductilnlij^. 

'M\. Noxt ill conducting' power to the metab) 
sl.'ind lIuMlilirronl (reins, as diamond, topaz, m- 
l)y, iVr. 'IMieir conductibility being nearly in 
ihi- onl(»r ol'tlhMr valuo. Next to these the difiEbr- 
«*ni carilis, marble, clay, sand-stone, glass, asA 
I'urilh^nwares. Tlie |K)orest of all solid con- 
diniors are tiie dillbreut animal coverings, afl 
IhMi. w...»l, foallicrs, &.c. 

"U \V <i !■!:» I'.tr till' oiiutiiriine iMt^or of iHidieal 

Ji. \V.i>i l^ «uiil <jf ihf iiiiLaU ! Wlmt t'xiierimcm i«niade? 

» Mvriirvii Otv *jtd\i ut ili« coDilucliug power of dlflwent bodisap- 
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« 

, Miut, 1. We can distingaish diamond from rock-cryttal, by 
' i|»plyuiff them successively to the tongue. The diamond will 

Ibel coldest, because it is the best conductor. 
S. At the siege of Gibraltar, red hot iron balls were carried 
' from the furnaces to the bastions, a considerable distance, on 

wooden ifvheelbarrows, having a thin layer of sand between 
, them and the balls. 

37. Glass is a poor conductor, and when heat- 
ed suddenly, unless very thin, it is liable to 
break ; hence a thick glass vessel should never 
be placed suddenly upon burning coals, though 
the experiment may be made with impunity 
upon a Florence flask, because the glass is very 
thin. 

Rationale. When a piece of thick glass is exposed suddenly 
to the flame of a lamp, the part which is in contact is heated 
rapidly and considerably expanded, while those parts at a little 
distance, from the poor conducting property of the gfass, are 
scarcely heated at all, and as the glass b exceedingly brittle 
and unyielding, it is broken, from the irregular expansion. 

38. Dry wood is a poor conductor, hence 
wooden handles are often used for metallic uten- 
sils. The diflerence between the conducting 
power of wood and metal is illustrated in the 
following experiment : 

Exp. Procure two similar solid cylinders about an inch 
and a half in diameter, and eight or ten in length, the one 
of wood and the other of metal ; wrap a single thickness of 
wriUng paper closely around each. The metallic cylinder may 
now be exposed to the flame of a spirit lamp for nearly a minut& 
without even scorchiiMMdie paper, while the wooden cylinder 
similarly exposed wifl|pe its paper cover scorched instantly.. 
Here the high conducting power of the iron carries off the calo- 
ric as &st as received, while the wood being an imperfect con*. 
ductor allows it to accumulate, and thus the paper is burnt. 

37. What is said of the breaking of glass? 

38. What Is said of wood in relation to conduction 1— What la the txy 
perinient? 
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perataiv of the air has been IOp below the freeang point oC 
water, the surface of the ^oand protected by its covering of 
snow has been seldom found below the freezing point. Here 
the snow being an imperfect conductor, will not permit the ca- 
loric of the earth to pass through it into the atmosphere. 

42. The conducting power of liquids* and 
gases is very limited, though they appear to con- 
duct, the caloric is transmitted through them 
quite rapidly in an upward direction, by inter- 
change of the particles. * 

Obs. Hitherto no single term has been used to designate this 
peculiar method of communicating caloric, for which Dr. Front 
has lately proposed the term convection^ which signifies a car- 
rying or conveying of the caloric away, which term will bo 
adopted here. This principle may be illustrated as follows : 

Exp. Fill a large glass dask,of the capacity of 
at least two quarts, about half full with water, 
and throw into it a few fragments of amber or 
silver leaf, or any other substance that will float in 
water ; now apply the flame of a spirit lamp to the 
JLs ^JL bottom'of the flask, and we shall soon perceive, by 
<— :P r"^^ the movement of the solid particles, that those 
parts of the liquid nearest the bottom arc first heated, expanded^ 
and thus becoming lighter ascend to the surface : and the colder 
and heavier ones from the surface descend, and in their turn be- 
come heated and re-ascend to the surface, and thus by the con- 
vection or carrying of the particles, the liquid becomes heated. 
In a large vesselthere will be seen a current in the middle ascend- 
ing, and another or others at the sides descending at the same 
time. See the accompanying wood cut. 

43. By convection caloric is propagated 
through liquids in an upward direction only : 
hence almost any degree of heat may be ap- 

42. Do liquidtj and gases conduct?— Explain the term here used. — De- 
scribe the experiment. 
43 What is the remark made on convection? 

* £zcepttbe liquid called mercury or quicJuilver. 

3* 





IS coNDUcnoir. 

plied to the surface of liquids witfaont 
materially the lower strata. 

Exp. 1. Into a glass fannel fit a I 
tube having a large balb, and contaioio^ 
of some colored liquid in the stem, whic 
into a cop containing a quantity of the 
and the whole supported on a stand as 
in the accompanying figure. Pour ws 
funnel until it covers the bulb of the the 
the depth of a quarter of an inch, and u 
face pour a slhsdl quantity of ether and 
Much caloric is given out in the corabu 
ether, yet the water will not transmit it 
in sufficient quantity to afiect the therm 
Exp. 2. The same principle may be still more stri! 
Wted by varying the experiment as first communi 
by Dr. Ellct of this city. A thin glass or porcela 
taining as much water as that ia the funnel, is si 
the stand over the ether, (in Exp. 1.) After the ethc 
a thenuometer is applied to the water in the funr 
to that in the cap above it — the difierence of temper 
two portions of water will indicate the caloric comn 
each ; when it will be found that the heat communi* 
upper vessel, will exceed by many times that comnr 

the lower one. 

Exp. 3. Put some water into a thin 

^open at one end, and hold it over a sp 

represented in the wood cut, the upper 

boil violently, while those near the bott( 

be heated at all. 

44. Quicksilver is the only liquid th 
pable of conducting caloric in any con; 
degree ; hence bodies cool much faste 
liquid than in water, because being 
conductor it carries off their caloric i 
pidly. 

lUuat. For instance water will communicate suffi 
44. What la said oftbe conducUDg power of quicksilver t- 
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to the hand to scald-it at the temperatareof 130°. but qnicktU- 
Ter will prodoce the same effect at 120^ : hence quicksilver will 
feel as hot at 120° as water at 130<^. 

45. Air and all gaseous substances are much 
poorer conductors than solids or liquids, and it 
IS even doubted whether they conduct at all ; 
though they may be heated rapidly by convec- 
tion or the interchange of their particles. 

JBltist. If the lowermost strata of air in a room be heated, 
the particles thus heated become specifically lighter than the 
rest, and ascend to the upper part of the room, \^ile colder and 
heavier ones descend to supply the defect, ^rhesc in turn arc 
heated, expanded, and ascend in the same manner. The com- 
mon impression, therefore, that air is a good conductor, says 
Prof. Silliman, is erroneous. It is a good carrier of caloric, but 
not a conductor. 

46. Confined air impedes the progress of ca- 
loric ; hence, double doors and windows con- 
taining confined air between them are useful in 
preserving a uniform temperature in our dwell- 
ings in winter, by preventing the ingress of cold 
and the egress of heated air. 

47. In rooms heated by fires, diflferent currents 
of air may be detected by opening the door a 
few inches, either from the hall or from a cool 
apartment, and holding a lighted candle in the 
draught. Near the upper part of the door the 
current will be outward, because the lighter and 
more expanded air in this vicinity is forced out 
by its own expansion as soon as the door is ' 

45. What is the conducting power of air and gaaes 1— Give the illustra- 
tion. 

46. What is said of doable doors 1 ^ w * * 

47. Uow are the currents of air detected in rooms heated by flres t 



opened, but if held near tba floor tbe atttm 
will be in Urn cootnuy direction ; if the fiam 
be held about midway between these extremes, 
it will be irregular ana much less than eitbei rf 
the others, bat eometiiiies inward andsonv "*" 
outward. 



EFFECTS OF CALORIC. 

These are three — expansion, liquefaction and 
vaporization. 

48. £jr»an«ton. No &ct ic probably mora 
familiarly Known than the expansion of bodies 
by heat. If the assumed &ct that caloric is 
material be true, it is a conse^ueoce necessarily 
resulting from it, that when it enters or insinu- 
ates itself between the particles of bodres, they 
should be forced further apart and the body be 
expanded. 

Eip. This ia illoatTsUii] b; he&tiog tba 
ftir in a cominoa tbenDometer buJb, haviiut 
plunged the open end or ils tube into a TetttI 
^ of water u repraaenteii in tlia figure, the ex- 
panded ail ia forced am and liiea Ihraug^ ih^ 

Obt. 1. If a pianii, hatn, or any ether atiC^ 
ad iaitrnmenl be tniiaj in a cold room, M 
toe room be nfterwaidg heated tbe liiilBr 
menl niUbepotont ofione rmm tbeunnnB 
expamioa afthe eliiDgs. 'T"! 

, ' »- I'bc pendolumof H clock or timeplMtif 

longer m laninar than in winter, henoe it will bo a toniS 
time in perfbnning • ribratioD, and eonwquenijy the iiutruiMI 
will loM tune in itfmmer and gain in wintpr ^^^ 
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49. Air is expanded eight times more than 
water, and water about forty or fifty times more 
than iron. 

Exp. 1. The simplest way of showing the expansion of 
liquids, is by planging a common thermometer into a vessel of 
hot water, and observing the height at which the fluid in the 
stem rises; and on removing it we shall find as it cools it will 
sink to the former level, thereby proving that bodies are ex- 
panded by heat and contracted by cold. It is on this principle 
that thermometers are constructed. 

Exp. 2. The expansion of solids may 
be exhibited by fitting an iron rod a, 
so that when cold it will pass freely be- 
tween a couple of pillars 6 and e, and 
Tone of its ends will also fit into the hole 
rf of the iron plate d, and by slightly 
— aaMW hftating the rod it- will be so much en- 
BQHlarged as to prevent it from fitting be- 
mOltween the pillars or in the hole of the 
iron plate *, but on cooling it will be re- 
ceived in both. 
50. Instruments used to show 
the expansion of solids by heat 
are called pyrometers^ those used to show the 
expansion of liquids, thermometers^ terms taken 
from the Greek, the former signifying literally 
a m,e(isurer of fir e^ the latter a measurer of heat. 
The instrument exhibited in the above experi- 
ment may be considered a pyrometer. 

61. Amongst solids the metals are the most ex- 
pansible by heat, zinc and lead being the most, 

49. Wbat is tbe comparative expansion of air, water and iron 1 — De- 
scribe Exp. land 2. 

50. What are pyrometers and thermometers? <, « ^k 

51. Wbat metals are moat and what iha least expansible 1— DcicriDe 
the experiment 
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and platinum and iron the least expanded bf 
the same degree of heat. 

Exj). The difference l)etwcen the expansibility of sue lai 
iron may lie exhibited by forming a compound bar of these twt 
nu'tulrt by riveting them together at the ends, or by BolderiagH 
■oen ill the figure. 



1. 




3. 

No. 1. Exhibits the compound bar before being heated. 

No. 2. The same bar heated by a lamp. The two metalf an 
•oldcnjd together. 

No. 3. The two metals are united by riveting at each end, 
and then heated by a lamp.* 

52. There are many mechanical operations 
in which the expansion by heat and contrac- 
tion by cold are rendered subservient. 

llUmt. 1. H.irrrls and other casks for containing liqaids an 
held together by iron hoops made a little too small for the caik 
when cold, but arc heated until they are sufficiently expanded 
to be received in their places when they are suddenly dnvcn on 

51!. Ilow (Iocs rxpniiRion opply to hoops upon casks ? — What illusti*' 
tioii Im applh>(] to carriage wheels 1— What to the removal of glass stc^^n 
from hottlc'H ?— How is the expansion of gloss shown 1 

* The oxporimcnt with the two metals as exhibited in No. 3, may be 
infttlc l)y riveting u narrow firip of sheet zinc (such as is used to cover 
roofs of houses, ice.) to n timllar strip of sheet iron, or even common 
tinned iron. They should be riveted only at the ends. 
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traded naJ ivA^t tuc ■ttrrn innir 

inm Wc^ <aJlB£ "ttB: ii?» n. t. «niiur 
firtl hraftrr^ sniU< c v «iiSE*ntlr -nnaMttHf 
the wmad. w^gm x.Jt 
pans oi ii« "viiiie! iv^eimr vritt ^Rtt mctk 

FiS jfc ftuwaBat-daam. mill wjurr. rftsrf. fUM^rr 
Uieraocae&tr^aK jxxn ot uex di 9vn .-Tar -vutr^uc ^ 
as ta eccer liffr ivtk ant vrnat r u. -tm- j»ii we a. to- 
tube ; uvm 6sv^ jo. t Utte TtiikM>n. ciircriuti «*u.>£i *< J Saat 
oa tlte; rwT amra uf v Uau; ii. tut «*?&. sTi.? ■;:• W jnM<ii!BSi«f: 

Srt of t£ifc tflbtr ic it wokt waatt dr««Kr. ..sa -cmai. jvr^ 
jLTing pgppacTBt m-^fTwiit. af whiwfffi'm^ fmuu *>■ fagg 
into it, Dcaulj 19 l&e ansSL ma. Hk ^niiimn «/ «i;^i«i •«J~ «.. 
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the column viE aczaii u^ iuobm ji tar utir. 

2. We often cxkfi&oHKTf'fiK-jnnr'ntm ^f^ <g jii ttumt • ^ •■»ti|g>»' 
glass stoppexs frua it^Mk. IT'i* iuh«: amnu— f.ri. awrlwur ^ 
which is to hrat the usk uT ii« rttt v lahoxi^e t 'ittrtU m 
the flame of aspim &uBa> £r t. juoofvir. ir t*^ •smu iginw^ f 
roand constantlr, vleudi «*Jl iric utif ravcRit t« i»p» 
the stopper is aflfxle^ w^eot x nfftf -K- ttKtmtnr^ «*rt( 
Another mctliod c— fiitf ta iModnf -im n^t^ ir H«sU«» 
small chord or itna^. loc x m jusm nie^vaHlu. 

63. The cxpaiBiiaST iif iigiuict it :*wr7 lii^ 
ferent Etfan- cz;;tt£id& zuve^lHaxi tuuwiu. iuw 
hoi more than vaoer.isfui T'tmr tuint tt&ti n#?t 
cury, by the same: isp^ 'ji ^lusul 

54. The nui& (of ^scp^xuausKL xi xtsfxxtitt \ff 
equal addhkiitt of bac Ji i^ ^jsinmiixul^ xut^tsm^ 
iog one: thai i&. trr ^-^^^ uu*: imjg^ ^i x^i^K. 
near the fieezing p^*jtjt <;^ -vmi^r. x vjl t^^Mfui 

54. WhatMtfeenDriifei9«MM» ''-^'Vidr « ««( ir«#^m«r*; « 
lo 
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I- ■> . .!• ii'ri'ri*iu:x' .i' ha ■'ZDansiYc 

■ ;■ ■-■■... .•■}l-f , 

»'. V'lf'.r'- .;■: iJif- -'•=^r7 remarkable excepdiK 
«, :.'r ;» V .r' ^-c.^aiuiuii n iiuuius by heac ani 
•-.',;.■ :r,:. 1. 1, iv .:,r:ii: .11 '.ills ."esptitt water liirBii* 
-■ •:" -,r;:f'r .i'.iiiii ■ :or :i" -re rake a qoan- 
,: . .?■ .f. it. -i,*! :ii^v.i;eL-anir^ ot 40-. andheatk 
I . y . ', : ■ '/,c\ . i. ,>;../■ V M .ir romperanire. in eiAs 
' •. '■ .'. »M1 "-r^'.^riiwi. Her.oe Tvater at 2120 ds 
V. ;.,'/ jZ-.-r.:. «v,0!j:fi icvu to 3'i^ the fi 
;,/, .: I'.. I 'y.ns-rri.'riT conti-arit until it 
fi.'' f.,;^,f:rittiirr: rA \\f'. wheii it will begin toex- 
fr'»r,'! ^ir."] f/tuunwH to do so undl it arrives at 

%'i 'Chi^i f./r/iption to the unilbnn expansion 
''^ li'jiii^jv; hy h^tat. is t^) be looked upon not 

fri' f/ 1/ Ji.; ;i r.riri'iil>: philosophical tSLCt, but aS E 

'I' i:/ii 'if fh'*. Troator to accomplish one of the 
■'/i.:» •:» jiri'l rrio';t hfincvoU:nt of purposes ; namelvi 
\\\t (ir'--»Tvn(ion of \)u: lives of fishes and all 
"Mii-r nnrtriiilM that inhabit the waters of cold 
#liinriii..j, hy prrvuiitin^ lakes and rivers from 
(ii'ivihii. I'xi'J'pl mi Ihcjsurfttcc. 

f//t» f Mii|i|iiimi M fiPMli wiiliT Iiik« ill Hummcr to be at the 
ir tM|ui:iinii> III fi) ' ill ilit» nuhiiiiii nil tho cold breezes blmr 
iMfi ii. ilti> iip|iiT filrnin jjivp u|i Mioir cuiorio to the air, which 
iimii ■ H M«n\ ; ihf \vni«»r \\h it niolrt rontracts and beoomM 

.•■» \\ h'U i\i i|«ili»nii\ ihi ln« ni i<\pnn)<iiMi ? 

-.I*. U h-^i H ihf d^ inn mnuir.oiii'il iu Uuk rtMiiarkKMo cxcoptioa ?— GIvt 
tifi- niii«iii)i\im. 
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heavier than the lower strata ; consequently, as the upper strata 
are cooled, they become heavier and descend, while the lower, 
becoming comparatively lighter, ascend, give off their caloric, 
and sink again to the bottom. These changes go on until the 
whole lake is cooled down to the temperature of 40". The 
time required to accomplish this will depend entirely on the 
depth of the lake, and consequently on the quantity of the water 
to be cooled. 

When the whole lake has cooled down to 40°^ at which tem^ 
perature the water is denser than at any other, the strata which 
are uppermost still give off their caloric, but instead of becoming 
denser by this process, as before, they become lighter, and con- 
sequently remain on the surface until it is reducied to the 
freezing point, while the lower strata, or those near the bottom, 
remain at the temperature of 40°, which is sufficient to pre- 
serve the lives of the fishes and other aquatic animals. 

In some cases lakes are so deep that they do not lose caloric 
enough (b reduce them to the freezing point during the whole 
winter. 

57. It was before stated (49) that thermome- 
ters are constructed on the principle of expan- 
sion by heat, and contraction by cold : we shall 
now proceed to describe the most simple ther- 
mometers, and those in most general use. 

58. The invention of the thermometer is ge- 
nerally attributed to Sanctorio, an Italian physi- 
cian, of the seventeenth century. The in- 
strument invented by him, differs however 
from those in common use. In the former 
the instrument is filled with air, while in 
the latter mercury is used. The first is 
therefore called an air thermometer, (the 
construction of which may be understood 

Jby inspecting the accompanying wood 

58. Who was the inventor of thermometers, and how doen it differ from 
those now in use 1 

4 
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cut,) while the latter is called the i 
th^nnometer. 

59. There are two objections to the tb 
ter of Sanctorio ; 1st. the dilatatioii is 
that the length of tube required where th 
of temperature is considerable, rendei 
strument inconvenient : and 2dly, it is 
by the pressure of the atmosphere, vrh 
varies without much alfecting the temj 

60. Fahrenheit, of Amsterdam, waa 
the first to modify and improve the in^ 
of Sanctorio: he indeed claims the ij 
and introduction of the kind of then 
now in general use. He substituted 
for air, in filling the instrument, which 
him to use a much smaller instrument 
same degree of accuracy; but it was s 
defective, inasmuch as no two instrumei 
ed in this way would agree in their res 
cause there were no fixed points to g\ 
maker in graduating the scales. 

61. Sir Isaac Newton was the first to 
the plan now in use for obtaining tl 
points, founded on the fact that ice c 
melts, and water, under similar circunc 
boils at a uniform temperature, consc 
these two were made the fixed points froi 
to graduate the scales of thermometers. 

59. Whftt objerikmi to tlin thermometer of Sanctorio 1 

60. What If raid of Fahrenheit 1 

01. What wag Newton'i ■iiKgeatlon t—Deacribe the divisioi 
belt*! ■eale— and why the sero happened to be at a»o belovv 
water. 



fitPAKfilON. 35 

tenbeit'iS scale, the space between freezing and 
boiling water is divided into 180 equal parts : 
water freezes at 32°, and boils at 212°. The 
zero or commencement of the scale was the re- 
sult of accident. During the course of Fahren- 
heit's experiments on the thermometer, he made 
a visit to Iceland, and while there fixed upon the 
temperature he then experienced as the greatest 
cold that would probably be produced by artifi- 
ci^ means, and' consequently a suitable point 
■pJtSr the zero of his thermometer ; and this was 
afterwards ascertained to be the same tempera- 
ture produced by mixing snow and common 
s^t. 

Obs. Though we uo-w obtain, by artificial means, tempera- 
tare of 9QP tcIow zero, and in the region of Hudson's JBay, 
the atmosphere has been at 50« and occasionally at 55 degrees 
below ; still the original zero of Fahrenheit, which is 32'' below 
the freezinff of water, has been retained. And when speaking of 
degrees of neat or cold in this treatise, unless the kind of ther- 
mometer be mentioned, it will be understood that we mean Fah- 
renheit's. 

62. In Reaumur^s scale, the freezing point 
of water is zero, and the boiling point 80° ; and 
the degrees above and below these points are 
made of the same size, — used formerly on the 
continent of Europe. 

63. In the centigrade thermometer, now 
almost the only instrument used in France, the 
space between the two fixed points is divided 
into 100 equal parts. Water freezes at zero and 

OS. Decribe Reaumar*8 scale. 
^. Describe t^ centifrade, 
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boils at 100"^ ; corresponding degrees ai 
on the scale, above and below the fixed 

64. De Listens thermometer makes t 
ing point of water zero, and the freezii 
\6{y^ ; chiefly used in Russia. 

65. Tliere is still another kind of thei 
ter, intended only to indicate slight chai 
temperature, invented by the late Count 
ford, and denominated by him a thernio 
It was improved by Mr. Leslie, and calk 
him the differential thermometer^ the 

modern and improved foi 
^* \)^ which, may be seen in tht 

companying wood cut. It i 
sists of two bulbs, a and 6, c 
taining vapor of ether, wh 




is much expanded by slig 
elevation of temperature. Tj 
bulbs are connected by a tu 
twice bent at right angles, ai 
containing a small quantity 
colored sulpliuricetlier.' The tube is supported < 
a wooden foot or stand. When a warm body, 
the hand, is brought near one of the bulbs, as 
th(3 vapor wliich -iills the bulb and upper part 
th(5 tube is expanded, forcing the column of 
quid downward on tlio side 6, and upward i 
the. side a. 

Oba. It will l»P ii'OH Ihnt IhoTtiflfrrontiHl thermometer it oi 

(U. DiHi-ritxi l)u Lirilc'tf. 

ATi. What \« lUoihiiHumriipt, iiiiil wtuit Mm differoniial thermometer 
DoBcrUiu tlie (llttbruiitiul tlKMiiuiuii'tbr. - Wlmt u the use of this iiMj 
meat 1 



I> 



CiJcoiatwi to imficite the difiefcnoe of 
tlie two balbs, and b thereftwe not at aD' aiSfded bj amy 
dianges of temperature in the s«irniao£ii$ ■iiimmi^iih. becaav 
mch changes operate eqoallr npon boch boiba. 

66. An air thennometer. simpler iu ifs ooa- 
stmction, lai^r. and therefore belter adapt- 
ed to class experiments to be witnessed at a 
distance, may be seen in the figure. It is 
constructed by thmstinsr a small glass tube, 
sixteen or eis4iteen inches lon^ . thioa2h a 
cork which is inserted into the month of a 
common oil flask, containing abont an oonee 
of some colored liquid ; the junctures aboot 

the cork being made tight by means of cement. 
By applying heat to the bulb, the air within is 
expanded, and forces the column of liquid up 
the stem. 

Obs. This thennometer is paitimlaTly osefbl in shoiriia^ the 
wflexion of caloric by means of the concaTe mirron. 

67. The kind of fluid used for filling ther- 
mometers depends on the uses to which it is to 
be applied. For all common purposes, and for 
all temperatures from the melting point of lead 
down to40^ below zero, mercuryismost generally 
used.* If we have occasion to measure greater 
degrees of cold, spirits of wine (which has 

W. Describe the air theriBoinecer. 

07. What fluids are used in tlienapaieten *— Oft«. Wlatiblbraiatioa 4o 
we obtain Iqr tlieniMMneleril 



* Anodier reason wby mewary is osed, is oB_accoant of its 
form eajanskm by egoal siiitiiinas of " ' 

4* 
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never yet been frozen) is substituted. In diffi^ 
entiaL and otiier thermometers calculated ix 
sliofht variations of temperature, ether, alcohol, 
or atmospheric air is n^ade to supply the place of 
mercury. 

Obs. Though the thermometer is an exceedingly Talnabb 
philosophical instrument, still the amount of infbrnuUion eoa* 
vcycd by it is exceedingly small. It indicates the difierenceof 
tcmporature in any two or more bodies, but gives U8 no idei 
of the al>solute quantity of caloric in any. In fine, all m 
learn from the thermometer is, whether one body is hotter or 
colder than another. 

68. All gaseous or sereal bodies as befinv 
stated, suffer a much greater expansion by heat 
than liquids or solids. They also have other 
peculiarities which in a remarkable manner dis- 
tinguish them from the latter. In solids and 
liquids each individual has its own degree of 
expansion and contraction, whereas all aeriform 
bodies expand and contract alike : consequently 
if we determine the rate of expansion in one, 
tlie rule will apply to every gas now known, or 
that shall be hereafter discovered. 

69. From 32° or the freezing point of water, 
to 212° the boiling poiut, gases expand one four 
hundred and eightieth part of their volume at 
32°, for every degree of the thermometer. 

70. The art of ventilating rooms and build- 
ings, chiefly depends upon currents as described 

~" — ' - - . in 

G8. How ddus the expunHloiior huhum compare with liquids and soUdsl 
And what is the pcculiiiiity ur xiiH<*iit 

GO. What is the law for the cxpniiNion of ptnuwil 

70. What is said of vciitilaiioii t^VVhat remnrk of theatres, and other 
crowded roomi? 
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under conduction (47). As the heated air of 
crowded rooms ascends, it is common to have 
apertures in or near the ceilings for its escape, 
which is sometimes prevented by a descending' 
current of denser and colder air. These preju- 
dicial eflfects are counteracted, by heating iii 
some convenient wtiy the tubes or flues intended 
for the escape of foul air, by which means the 
cold air if it attempts to descend is heated, and 
immediately carried upward. 

Oba. In theatres the gas or other chandeliers frequently act 
as heaters, being suspended directly under the flues^the heated 
air constantly ascends through them, and thus prevents any 
returning current. But it frequently happens that the floef 
are too small to transmit all the foul air, hence the galleries and 
up^r parts of crowded rooms are frequently hot and suffoctin 
ting, from the accumulation of air that cannot pass through 
the ventilator. 

71. From what has been said, it is obvious 
that our common fires and chimneys are most 
powerful ventilators, though their good services 
in this respect are often overlooked. As soon 
as the fire is lighted, a rapid ascending current 
of air is established in tlie chimney, and conse- 
quently there miist be a constant ingress to sup- 
ply the demand which generally enters through 
the crevices of the windows and doors. When 
these are too small to give the required quantity, 
the chimney smokes or the fire will not draw, 
and in such cases it is necessary to make an ar- 
tificial opening for the admission of air, or sit 
with a window or door part way open. 

71. What is said of the drawing of common fire-places 1 
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72. I have observed in some of ov 
stadded rooms in this city, heated by m 
warm air. a difference of 35 d^rr^^s b 
the upper and lower strata of air from th 
ascent of the heated portions, while those 
lower parts of the room are confined thei 
ibeir superior gravity and from the close 
the apartments : thus we arq uncomfi 
warm in the upper, and uncomfortably c 
the lower parts of the same room.* 

73. The system is extremely agreeable 
tive, and convenient, when properly ma 
i;idiicb is seldom the case. The rooms arc 
rally close and oppressive, because, whi 
hcNMed air is admitted, the rooms are not 
ciently ventilated to carry off that whic 
become deteriorated. The apertures by 
the air is admitted, are generally too smal 
the air too highly heated ; the pipes for cc 
ing the hot air should be large, the quantit 
siderable, but the temperature should be 
rate. In this way the disagreeable odour a 
from thq burnt particles of dust is avoide< 
agreeable firesbness and temperature kept 
the air. 



T8. What Is said of high stodded nrnms 1 

79* What are the advantages and disadvantages of this m 
juatlnt rooms 1 — And bow may it be improved 1 
•^"^■■^■" 

* TlMte namarks apply particularly to some of our lecture i 
IfMeli tba seau arc arranged on an inclined plane, where the lev 
grt Mtcif twmf t*^ ^^^^^^ ^« highest range. 
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74. Liquefaction and Congelation. — By a 
sufficient aegree of heat all solids may be con- 
verted into liquids, and all liquids into va- 
por ; and it is highly probable that all liquids 
and gases by a sufficient degree of cold would 
be reduced to the solid form. 

75. The temperature at which liquefaction 
takes place is called the melting or ftisin^ 
pointy and that at which liquids become solid, is 
called their congealing or freezing point. 

Ohs'. Thus ice becomes liquid at 32^, lard at 97^, beeswax 
at 142», lead at 662°, and platinam at 23177^. 

76. All bodies in passing from a soUd to a 
liquid state "absorb, or take up a large quantity 
of caloric. Ice, in being converted to water, 
absorbs 140° of caloric. 

Ittust. Let OS suppose, for the sake of illustration, that a 
piece of ice at the temperature of zero (32^ below freezing point 
of water) be brought into a room at the temperature of 4fF, 
and that the ice receives from the room just one degree of calo- 
ric every minute : at the end olT 32 minutes, therefore, the tern* 
perature of rhe ice will have risen from zero to 32°, where it will 
remain stationary for 140 minutes, or until the last particle of 
ice has been melted, when the temperature will again begin to 
rise at the rate of a degree a minute, and so continue to do on* 
til it reach the temperature of the room. 

Now, it is evident, that the ice continued to receive from Ifaa 
room one degree of caloric every minute until its temperatOM 
had reached that of the room, still there were 140 minutes of 



74. What effects can be produced by a sufficient degree of heat 1 

75. Define the terms fusing am* congealins pf>int — Describe the coo- 
gealins point of different substances mentioned in the ooscrvation. 

76. What is the Jaw when bodies change from solids to liquids, and worn 
liquids to solids 1— What is the illustration given ? 
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81. Vapor tzatimi. — All seriform substaiM 
are generally divided into gases and vapors. 

Vapors are generally distinguished from gasei 
by the facility with whicli they are reduced to 
the liquid state, either by pressure or cold ; and 
most of them exist as liquids at the ordinaif 
temperature of the atmosphere : while gases, OD 
the contrary, require generally great cold and 
pressure to liquefy them ; and they never exial 
as liquids at the ordinary temperature and 
pressure of the atmosphere. 

lUuat. Steam is the most obvious example of vapor; Umi^ 
mosphero, hydrogen, &c., are examples of gases. 

82. Nearly all solids and liquids have been 
reduced to vapor by the application of heat 
The facility with which this takes place in many 
bodies, may be illustrated by exposing to tin 
summer's sun a shallow vessel of water, or a 
small piece of camphor ; each will soon begin 
to diminish, and if left for any length of time 
will entirely disappear. 

83. Liquids in general are more disposed tfl 
evaporate than solids : some of these evaporate 
at all temperatures, as water, alcohol, and ether; 
while others, as quicksilver, only evaporate al 
an elevated temperature. 

84. Vaporization may be treated under twc 
heads, Ebullition and Evaporation, 

81. How are aeriform bodies divided ?— How distinguithed 1— &* 
illustrated 1 
83 How is vapori zatioii i ITiist rated ? 

83. How do liquids and solids compare in tliis respect ? 

84. How if the subjiect divided 1 



▼APOUZATIOir. 



85. In ebullition, the rapid escape of vi^ior 
through the liquid, in the form of babUes, pio- 
duces a violent commotion, geDerally called boil- 
ing, or ebullition ; while in evaporation the tbt 
por passes off silently, and from the snr&oe only. 

86. The temperature at which ebullitioa takes 
place, or in other words the boiling point, varies 
with the liquid ; but where the liquid is the 
same, the boiling point, under the same cucmii- 
stances, remains the same ; that of ether is 98°, 
alcohol 176°, water 212^, and mercory 662^. 



Obs. The bofling point of water is 21^ in a 
but in a glass vessel it is 214^. 

Exp. If we add a small qaantitj of iron filings to 
is boiling in a glass vessel, a lai^ qoaotitj of vapor w 
given on, and the temperatare is reduced finai 21-t^ to 213 , 
where it remains so long as the fifings are left in the fiqaid, 
can it be raised to 214^ by addition^ heat in the open 



87. The boihng point is ^rreatly affected by 
the pressure of the atmosphere. 

Obs. All bodies on the sarface of the earth are eJipOMd to a 
great pressure from the weight of the atmo^bere opoa thea. 
This weight has been ascertained to be eqoal to ncarij ISAk, 
on every square inch of sarface ; conseqoentlj the pfcanno 
npon the body of a middle sized man is oiore than 30^000 
pounds ; and that of the atmosphere opoo the whale maftee of 
the earth, equal to the weight of a gkibe of lead $0 miks m 
diameter. 

88. The pressure of the atmosphere is great- 



85. Define ebullitioa and evaporation. 

86. What n said of t'le lenjperature nqnind 1— What 
the boiling point of water ? — Wbai expfTinieni? 

87. How is the boiling point affixted 1— Wbat obaervatkm to 
tbisi . 

88. Where is the preaeure greatest, and bow does it ajfccttfie 
point, and what is tbe practical applicatkm 1— Cive tiK '" 

5 
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est on a level with the ocean where wate 
at 212^, and diminishes as we ascend froi 
height one degree for every 630 feet of a 
consequently, we are enabled from the I 
point of water to calculate the height of i 
tains. 

Must. Water boils at 187° on the top of Mont Blanc 
is 25 Je gree a lower than its boiling point on a level i 
ocean. >Vhat is the height of this mountain as ca 
from the boiling point of water 'i 

89. That liquids boil at a lower tempe 
by removing the pressure of the atmos 
may be shown by experiment. 

Exp. 1. Remove water that is boiling from the fii 
It ander the receiver of an air pump, and remove tl 
sure by means of the instrument, the water will 8o< 
mence boiling again, and will continue to bqil as we 
the air from tne receiver. 

Exp. 2. Ether may be substituted for the hot water 
the last experiment, and will boil at the ordinary temj 
by simply removing the pressure of the atmosphere. 

Exp. 3. The experiment, called the culinary parade 

trates the influence of diminish< 
sure in facilitating ebullition. ] 
stojj-cock securely into the neck 
rence flask containing a little 
boil the water over a lamp for a ] 
ments, and then suddenly close t 
cock, and removing the flask pi 
into a vessel of cx)ld water. Th 
in the flask, which had ceafted to 
removing it from the lamp, will now commence boiling v 




89. Bow can we show that liquids boil at a lower temperati 
moving the riressure ?— Describe the ezpieriroeats.— What Is the 
paradox t~ What if the rationale t 
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•— remove it and plange it into a similar vessel of hot water, it 
will instantly cease boiling. If instead of the cold water the 
flask be inverted, and a piece of ioe applied to the bulb of the 
flask, it will also beil violently. 

Rationale, In this experiment the air was driven oot of the 
flask by^ boiling the water, and an atmosphere of steam made to 
sapply its place, which on immersion in cold water was con- 
densed, and a vacuom formed in the flask over the water which 
boils on the principle already noticed of the pressare being 
taken off: the vacnom is kept op by the snccessive condensa- 
tions of the portions of steam ronned, and the boiling eon- 
tinnes nntU the temperature of the water sinks to neariy 
72°. 

90. All liquids boil at 140^ lower temperature 
when the pressure of the atmosphere is entirely 
removed than in the open air — that is in a va- 
cuum water boils at 72^, alcohol at 36°, and 
ether at 44*^ below zero. 

91. If we now reverse the state of things, 
and increase the pressure ou the surface of 
boiling^ liquids, we shall in proportion elevate the 
boiling point ^ 

Exp. This may be illastrated by an experiment with 
iher ; pat about a teaspoonfal of ether in a small and 
'narrow vial, and holding the thumb firmly over' the 
mouth of the vialj plunee it into a glass vessel tnich as a 
common champaign glass, nearly filled with boiling 
water ; the heat communicated will soon be sufficient to 
boil the ether whenever the thumb is raised, but while 
the pressure is increased bv firmly closing the mouth, the 
ether will not boil until the temperature has been pro- 
portionally elevated. 




00. What is the difibrance between the boiling point of liqaids in a va- 

cuum and in open air ? :.««.• 

91. What effect by increaring the prearorcl— What is the experimcpi 

|o piove it 7 
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92. Although we cannot heat water 
open vessel above 212°, because all the 
above that temperature is carried off in 
yet when the vessel is firmly closed, the 
IS prevented from escaping, and the tempi 
and internal pressure go on increasing, ui 
vessel bursts or the fire is removed. 

93. In a sufficiently strong vessel, 
might be heated to the temperature at 
other bodies become red hot, without boil 

Exp. For experiments of tl 
the foUoT^ing is a good form of 
tas, and consists of a hollow 
globe a, a small quantity of qu 
IS [>oured in, and then the vess 
half filled with water ; &, is a bi 
tube open at top and bottom,, and 
ing to the bottom of the globe, 
through an air-tight collar ; c, is 
mometer for indicating the temp 
d, the stop-cock and tube for le 
the steam ; e, the spirit lamp, 
the stop-cock open, heat the glo 
the lamp till steam issues freely i 
tube d, then close it, and the the 
ter thus far at 212®, will immedi; 
gin to rise, showing that as soo 
steam is confined, the temperatur 
to rise above 212^, and the pressure increases in the se 
portion in the globe, as is proved by its forcing the qui 
up the tube b. When the thermometer rises to 250^ < 
the pressure of the steam is twice as great on the insid 
globe as that of the atmosphere on the outside, that 
eqaal to 30 pounds on the square inch. When it rises 
the pressure will be three times as great as that of the 
phere, at 294^ it will be four times as great. 




92. How is water affected by confining the steam ? 

fft, How high can water be heated 1— What experiment to illui 
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94. As water freely exposed to the air, cannot 
be heated above 212^, because the excess of ca- 
loric is catried off in the form of steam, it follows 
that if we can condense this steam to water, by 
causing a given weight of it to pass into a given 
weight of cold water, the latter will be heat- 
ed just as much as the steam is cooled, and 
by plunging a delicate thermometer into it, we 
shall ascertain exactly how many degrees have, 
been communicated by condensing the steanL 

Exp. Put a pound of 
pure water at the tempera- 
tare of 213° into the retort 
a, and let its beak paM into 
the ^las8 receiTer b, contain- 
ing ten pounds of water at 
thetempertureof 50*^. Now 
continue the heat of the 
lamp at the retort until all 
the water has disappeared 
in steam ; this will be con- 
densed to water in the to- 
ceiTer b, and will yield to 
the water in 6, all the calo- 
ric which had been required 
to raise it to vapor. At the close of the experiment it will be 
found that the pound of steam generated in the retort a, has 
raiwd the temperature of the ten pounds of water in 6, fiom 
50° to 150°, or it has communicated to it 100^ of caloric. 

Now if one pound of steam heat 10 pounds of winter 
100^, how much would it elevate the temperature of one pound 
of water 1* The answer to this question wiU be the number 

94. What remark in relalion to tbe formation and coodeiMatHMi of iteam 
and tbe caloric required in each case ?— Relate tbe experiment, and girn 
the answer to tbe question. 

* Tbe above and other similar questions will frequently be left wltbo«t 
answers, for the purpose of exercising the in^noity of tbe miptl, ^*^ 
tbe attention and calling forth the reasoning factUty, aU of wmcb i^ is o^ 
HevsdttwiUliaTeatendeiieyto socooipUu- '^' 
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above simple model, chiefly in the manner of 
condensing the steam. In the model, the steam 
is condensed in the same vessel where it is ge- 
nerated ; while in the steam engines now in use, 
it is condensed in a separate vessel, surrounded 
by cold water, and .called the andeitser. 

97. In a common low pressure steam engine, 
there are three principal parts, the hoiUr, the 
cylinder, and the condenser; in the first the 
steam is formed, in the second it is worked, or 
in other words raises and depresses the piston, 
and in the third it is condensed to water. 




Gener^ Dtteriplion. 
A, raprcMata the boiler where the alram in goneraMd 



n. DcBilbe Uia jHlnclpke nr Uh la" 
nl dMcdpiloB ftim tba Atm Bfuie. — *i 
W&U te tk« iM ud ipFlleulDD of the ■) 



■rricm or oalous. 



dpMManp tht lobe O, towardathecjIiDderJ?, 
ri hj tba tube B, or G, (aeconling u it u to naoa 
^, ■.,.... 1 out through thi 



Particular Detcription., 

FIf. I. Tba boiler il. xnd tube D, ■»< filled wid 

fcnr (tfl^^ockB E, f\ U, and H, an ctoacd, tmd tiu 

i* flllnl with III. Wi' oprn >( the aiinio instant thi 

K uhI H, tbc atcim rushr* through E into the cj 

SnaMns ujion Ibe pialon K, farrea it to the bottom i 
rr, anij at the aaniF inatant Tarcci the ur, which w 
lb* BylinJrr, through If and JV, ii 
h il ■ 




rig. 3, Tttr |iUt«ii K in nnn M the bollom of tl 
H, l)li> upiirT jukrt uf wliifli U tillMl nilh ateuu, and 
>» (i|inn I w« nnw rlim K anil //, and at ihe aame it 
a MW F. 'I'hn ■ti'nili FHahiiiK liiroii$[h G into Ihi 
th« eylinilrr roirri \\ve y/uHtra K to Ihi- Inji ngain ^ 



n limn the alraiu, iirrviniixly 

dot, nubM onl thniiiuh t' ' ' 
■ anJ^. 



lliect 



U|11>. , 
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tuaUalj Opening and cloaliw the atop-eocka on each 
cjUnder, tba pWoo 1* pw*Miip and down nith gm 
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The boiler b supplied with a taiety valve, kept down bj the 
4ever L and its accompanying weight ; and if tne steam in the 
boiler should increase in quantity before the pressure becomes 
so great as to endanger bursting, it will by its own power raise 
the valve t?, when the superabundant steam will escape. The 
stop-coekfl which were formerly worked by hand, are now turn- 
ed by the engine itself. O is a stop-cock for supplying the con- 
denser with a small jet of cold water to assist in condensing 
the steam. 

98. There are two kinds of steam engines in 
general use ; the high pressure and low pres- 
sure. The former has no condenser, the latter 
has. The engine just now described is the low 
pressure engine ; to change this to high pres- 
sure, we have only to separate the condenser at 
iV, where the steam, instead of going into the con- 
denser, would pass out into the atmosphere in 
successive jets. 

Ohs. In ail high pressure engines, such as are generally used 
to move machinery attached to manufactories in our cities or 
elsewhere, the steam is seen passing out of a pipe or chimney 
in successive jets, or puffs in white vapor ; wherever these jets 
are seen, that fact alone is sufficient evidence that it is a high 
pressure enmne. The steam- boats that run on the Mississippi 
are generally high pressure ; while those that run from New- 
York to Albany, from New- York to Philadelphia, and from 
New-York to Providence, are low pressure boats. 

99. Low pressure engines require much more 
room than high pressure, hence the latter are ge- 
nerally used where it is particularly requisite to 
save room : on this account they are always used 
to propel the locomotives on rail roads. 

98. What is the difference between the high and low pressure engine 1— 
What observation to illustrate this subject 1 «.h .imi 

99. Under what circumstances should low pressure engines be usea, ww 
why 7— What remark of rail-road loceinotivesi 
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^- &ce, that the more surface exposed, the greater 
* will be the quantity evaporated. 

Exp. Put an equal quantity of ether in a shallow and in a 
'^ deep vessel, so that the former shall expose twice the sarfirae 
^ that the latter does, the former will have entirely evaporated, 
while the latter contains one half its original quantity. 

: 104. 2d. Temperature. The effect of heat 
may easily be illustrated by putting equal quan- 
- titles of water into two saucers, and placing one 
^ in a warm and the other in a cold situation. 
The former will be quite dry, while the latter 
has scarcely suffered an appreciable diminution. 
Liquids evaporate much more rapidly in sum- 
mer than in winter. 

106. 3d. Dryness and Moisture. When the 
air is dry the evaporation is very rapid, even 
though it be quite cold. Thus, in dry cold 
daj^s in winter, the evaporation goes on rapidly, 
while in damp weather, when the air is satura- 
ted with moisture, though it be quite warm, the 
evaporation is comparatively trifling. 

Htut. In warm weather we perspire freely, and wbm th« 
air is dear and dry the perspiration is carried off as fast as 
fi>rmed, cooling the hodyand producing an agreeable sensation ; 
allowing tlie temperature to be the same, but instead of a dear 
atmosphere it be charged with vapor, we perspire as fiedy aa 
before, but the atmoepnere being already charged with moisture 
cannot carrv it off, it therefore remains on the surface, pro- 
ducing a duf^reeable sensation of oppression. It is this cir- 
cumstance which renders those sultry days, common during the 
month of August, so oppressively hot * 

106. 4th. Currents of Air. Evaporation is 

— • — 

104. What of temperature? 

105. What of lUynesi and moistaie 1— Bow Utailratadl 
101 What ofcorrentsfir air t 
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much slower in still air than in a curre 
the reason is obvious. During the evaj 
the air immediately above the liquid, . 
main stationary, becomes saturated witl 
ture, when no more can be taken up 
current of air, moving over the liquid, co 
ly carries away the vapor as fast as it ris 
brings in contact a fresh stratum of dry a 
thus the evaporation is kept up without 
ruption. 

107. 6th. Pressure. The remarkable 
ence of pressure in the formation of vapor, 
shown in the subject of ebulUtion, (^9, Ex 
2, and 3,) where water was made to boil n 
degrees below 212°, and ether at the ordii 
temperature, by merely removing the pres 
of the atmosphere. 

108. It was before shown (94) that water 
being converted to steam, absorbs about 1 
degrees of caloric ; and as the same law ap] 
to the evaporation of water at all ordinary 
peratures, in this latter case ; also, every oi 
of water that is carried off from the earth in 
form of vapor, robs the earth of as much ca] 
as would raise the temperature of an ounc 
water about 1000 degrees. To render the 
ject still more plain, the caloric carried oi 
one ounce of vapor, would be sufficient to j 

107. What of lh(! pressure of the atmosphere? 

106. What is said of the evaporation of wiiier at ordinary lempen 
and how illustrated ?— What i8 the corollary 1— How docs the wind 
the teniperalurel— What isthc fi rut explanation with ether ?— What 
second f— What observation on cooling mpaitments in India 1 
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^ seven ounces of water from the temperature of 
T^60® (which is the ordinary temperature of wa- 
iter as drawn from our wells) to the boiling point. 

CorcUary, Hence eTaporation is in all cases a cooling pio- 
•ess, and by cansinff rapid evaporation at common or low tem- 
peratures, we have it in our power to produce considerable de- 
l3 grees of cold. 

_ KluU. Thus if a wet cloth is spread out in a keen wind at a 
J~ temperature a little above freezing, the water by rapid evapo- 
■^ ration soon carries off caloric enough to reduce that which re- 
. mains below the freezing point, making the cloth hard and stiff 
by the formation of ice within its pores. 

£7xp. 1. To prove that cold is the result of rapid evapora- 
'- tion, nothing more is necessary than to poijir a few drops of 
ether upon Uie hand, the ether will soon disappear, leaving a 
keen sensation of cold. 
ETp. 2. We can vary the experiment by covering the bulb 
• of a common thermometer with a little lint, or a fold of gauze, 
and dropping a little ether upon it, the degree of cold prmlnced 
will be marked by the descent of the meicury in the tube. If 
we substitute for the thermometer a tbin fflass tube, containing 
a small quantity of water at 60^, and hold it in the draught of a 
window to assist the evaporation, if the temperature of the air 
be not much above 40^, a little dexterous management will ena* 
ble the experimenter to freeze the water in the tube. 

Obs. Apartments in India are often separated from their 
courts by curtains instead of walls ; and these curtains, in order 
to cool the air in the rooms, are continually sprinkled with wa- 
ter, the rapid evaporation of which reduces the temperature of 
the rooms 15° or 20°. 

109. The ancients supposed that the equato- 
rial regions must be uninhabited, from the in^ 
tensity of the heat ; not knowing the fact, that 
evaporation always increases with the intensity 
of the heat, and the vapor so formed ascends and 
carries off the heat in a latent state. When 



109. What remark respecting the opinion of Um ancieots, and bow la 
the heat of equatorial climates diaposed of 1 
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cooled in the upper regions of the atmonibflii 
or wafted to colder climes, it is condensed, ai4 
in the form of sensible heat, gives out-the all' 
ric which it had absorbed. Thus the vapor iM- 
comes the transporter of heat from the tonidli I 
the frigid zones. | 

110. AvaiUng ourselves of the prindpkrf 
evaporation, we can freeze water by meanirf 
ether under the receiver of an air-pump. 

Exp. Provide two very thin watch-glaases, or what be^rilf 
as good if not better, cut off the bottoms of two florenca flMkiii 
the form cf a watch-glass, (as directed in Appendix 1.) FlMi 
"^ one within the other, and in the inner icfl' 

pour a little ether, and in the oater one tfr 
tie water, and place the two on the pbH^ 
the air-pump, as seen in the fi^re, andc^ 
vcr the whole with the receiver. Now* 
hausttho receiver, the ether wiU eooaoi* 
mence boiling, and in a short time themlC 
contained in the outer vessel will be f0i 

III5frozon. 

Obs. In 89, Exp. 3, it was seen that ice or cold water «* 
the apparent cause of boiling ; but in this case boiling sesoiO 
be the apparent cause of the formation of ice. 

The pupil is requested here to explain how the boiling ©f Al 
ether causes the water to fre<'ze ; or, in other words, to ■Hi' 
what has become of the caloric which l)efore retained the wilf 
in a fluid state. 

111. By substituting for the double evapoit- 
ting vessel used in the last experiment, a sinfb 
one containing a little water, and placing unw 
the same receiver a vessel of oil of vitriol to ab- 
sorb the vapor as fast as given oflf, we can 
freeze water by its own evaporation. But the 

110. How can water be fnizen under the air-pump receiver? 

111. What txperinisot was with oil of vluiol T 
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time required to perforin the experiment, its un- 
certainty unless the room be comparatively cold 
and the air pump in superior order, render it 
inexpedient to attempt the experiment without 
considerable facilities for accomplishing it ; and 
besides, 

112. The same method of freezing water by 
its own evaporation is illustrated in a more sim- 

?le manner by the cryophorics or frostbearer of 
)r. WoUaston. 





lUtut. It coDMsU of a 
glass tube bent twice at 
right angles, one bend 
being near each end, both 
of which terminate in a bulb. One of the bulbs is half filled 
with water, and the interior of the tube is perfectly ejihausted 
of its air, the consequence of which is that the water in the in- 
strument is greatly disposed to evaporate ; but the process can- 
not proceed far in consequence of the whole instrument bein^ 
filled with vapor which presses upon the surface of the liquid 
and thus checks the operation. 

Exp. In order to get rid of the vapor as fast as formed, and to 
induce the formation of more, the empty ball a is plun^fed 
into a freezing mixture, as represented in the accompanying 
figure, which continually condenses the vapor within, and thus 
accelerates the evaporation from the ball 6, until the water 
within it is robbed of so much of its caloric that it is at length 
frozen. 

112. What was the name of Dr. Wallaston*! instrument 1— Dewribs 
it.— Describe the experiment wiib it.~Wfaat is necessary to the euccestof 
the experiment 1 
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ObB. Tho success of the experiment is often frutnti 
^hen attempted in a warm room, by the depositioii of Ytpor 
its condensation on the ball b. The contaet is proTonted, 
enclosing the ball in a glass vessel supplied with a cover •• 
presented above. 

Query. Tho pupil is desired to state the reaflon why t 
deposition of vapor on the bulb 6, should prevent the wi 
within from freezing 1 The proper answer may be dbtati 
from the illustrations of paragraph (94.) 

113. There are many cases in which we: 
sort to the principle of evaporation to prodn 
cold at common temperatures. The sprinkli 
of floors and pavements with water tends to a 
them, and the air -which is about them. Wii 
coolers are porous earthen vessels, which are d 
ped into water, and by exposure to air the wai 
evaporates and thus cools the vessel. In soi 
hot climates, as in the West Indies, porous eart 
ern bottles are filled with water and suspend 
in a current of air, the water oozes to the si 
face, whence it is rapidly removed by evapoi 
tion, and cold is produced. 



Give the answer to the query. 

113. Wliat initances of practical application are mcniioned ? 
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SPECIFIC CALOBIC. 



114. Equal weights of the same body at the 
same temperatare, contain equal quantities of 
caloric ; but equal weights of different bodies 
at the same temperature, contain unequal quan- 
tities of caloric. 



' — J — ? 9 ? Ti 



Bxp. Take five bolls of metiJ, eacb neighing exacljy balf 
a pound, two of iron, one of copper, onnoflin, and ono of lead. 
Suipend Ihem b; threida in bailing water, and each nill be 
heated to 212°. Now tenuMa th*ni and quickly plunge them 
into Kparate tumblera of cold water. A* the quantity of wa- 
ter and the tempcralure in eecb tumbler ia the eamr, we should 
naturally Buppnse th.il each of the balls woulJ communicBte the 
same unount of caloric to the water; and hence tbal ■ theiv 
tnoineter immeranl in each vessel would indicate the same tem- 
perature; iHit the fact is far otherwise, and except in the cane 
of the iron balls, each communicates a different temperature to 

lU. Whol ImldoftheqaanUijof csloilc tmlieinine and rllfti"" 
bixHal— DncrllMllie eiperimeni.— What is uldoC Ule r|Uintltr ol ca- 
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the water, the iron, the hiirhest, the copper not quite 

the tin less, and the lead the least of all. 

The quantity of caloric which each of the metal 

ahove experiment communicates to its respective tu. 
] I water, is called its specific caloric. The two iron balli 

1 ;^ the water equally, prove the first part of the above pro| 

I \ f and the other three prove the second part. 

f L 115. If in cooling from a given tempei 

^h^ equal weights of different bcdies give ou\ 

it I ferent quantities of caloric, these same b 

^■\ would require different quantities of calor. 

heat them through a given number of degr 

Hence, 

116. By the specific caloric of any body, 
mean the quantity of caloric required to ele^' 
its temperature a given number of degrees 

:j that given out by the same body iu cool 

through the same number of degrees. 

Ob$. Calling the specific caloric of water 100^ ; that of ( 
oil will be 50® ; quicksilver, iMV ; hence, quicksilver com 
twenty-three times les specific caloric than water. 

SOURCES OF CALORIC. 

117. The sources of caloric are chiefly f 
1. The sun ; 2, Electricity ; 3, The bodie 
living animals ; 4, Mechanical action ; 5, C 
mical action. 

118. That a vast amount of caloric is o 



i .1 



115. If equal weights of different bodies in cooling give out dlfl 
quantities of caloric, what inference is drawn 1 

116. What i> meant by specific caloric 1— What observation to iUn 
thisi 

117. What are the sources of caloric T 
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mnnicated from the sun, is too evident to reqnire 
any illustration, and electricity and animal heat 
as sources of caloric will be explained in other 
parts of the work. 

119. Mechanical action is a fruitful source 
of heat, and incXxMAes per evasion ^frictiomnA 
condensatio7i, 

120. By percuss^ion,fiint and steel are struck 
together, producing heat enough to set fire to 
tinder. The sparks which are elicited are no- 
thing more than small particles of steel, which 
are separated and heated sufficiently by the col- 
lision to set them on fire, and cause them to 
bum as they pass through the air. 

121. By friction of two pieces of dry wood, 
savages frequently obtain sufficient heat to kin- 
dle fires. Machinery is frequently set on fire 
by the heat produced from the friction of its dif- 
ferent parts. The friction of a carriage wheel 
against its axletree has been known to set fire to 
the latter, and I have more than once seen the 
rail-way on which a ship is launched fired by 
the friction of the bottom of a vessel in passing 
over it. Sir H. Davy succeeded in melting two 
pieces of ice, by rubbing them together in an at- 
mosphere far below the freezing point of water. 
The common method of rubbing the hands in a 
cold day for the purpose of warming them, is 
familiar to every one. 

119. What is said of mechanical action 1 

120. Illustrate the remark on percussion. 
ISl. What is said of friction, as a source of beat 1 
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122. Condensation is alao a firuitfiil sc 
of caloric. Whenever the particles of w 
bodies are composed are brought neare: 
gether, they always give out caloric. Thus i 
of iron has been heated to redness by vigo 
hammering in consequence of the condenst 
of its particles. 

Exp. In the following experiment, illuHrated Ir 
accompanying wood cut, common air is so much condi 
as to give out a sufficient quantity of caloric to set £ 
tinder. This instrument, which is called a condei 
tyringCj or more commonly a^re pumpj contains i 
lower part of its piston, a small hole for the purp 
putting in a small quantity of tinder, and by suddenlj 
cing tue piston to the farthest extremity of the bam 
air contained is so much condensed as to give out c 
enough to set fire to the tinder. 

125. Chemical action is the most fruitf 

(all artificial sources of heat ; every specie 
combustion is included under this heac 
well as all the cases of heat produced by var 
mixtures. 

Exp. 1. Mix two parts of chlorate of potash with 
parts of loaf sugar in powder, and pour upon the mixt 
few drops of sulphuric acid ; the chemical action of the 
terials upon each other will be sufficient to ignite the sugi 

2. Mix in a cup made of the bottom of a norence fiask 
off with a heated rinor as directed in appendix) (2.) two 
sures of sulphuric acid with one of water, both having be 
the temperature of 60<^, heat enough will be developed to 
the temperature of the mixture to about three hunored dcj 
from the condensation. 



122. What of condensation 1— Describe the experiment. 

123. What is said of chemical action I— What experiment with ch 
of potash and sugar?— What experiment with oil of vitriol and wati 






LIGHT. 

124. Light in many of its properties very 
closely resembles caloric ; both are emitted in 
the form of rays, and pass in straight lines 
through the air ; both are subject to the same 
laws of reflexion. Very intense heat is always 
accompanied with light, and it is very probable 
there is no case of intense Ught unaccompanied 
with sensible heat. So nearly allied indeed are 
the two principles, that the one seems convertible 
into the other, and hence it has been supposed 
that they are merely modifications of the same 
subtile agent. 

125. There are two kinds of light, natural 
and artificial. The first proceeds Som the suu 
and stars ;<;;and the second from various terres- 
trial sources. 

126. Rays of light pass freely through some 
bodies, which are hence called transparent^ 
such as glass, rockpcrystal, and water ; while 
those bodies that entirely intercept it are called 
opaque. 

127. All the rays of light that fall obliquely 
upon transparent bodies are refracted, or bent 
out of their course. 



124. What Is the resemblance between lij;bt and heat ? 

125. What in said of natural and artificial light 1 

126. What are transparent and opaque as applicable here 1 

127. What Is said of refracted rayal— What is remarlied of Newton 
Describe the experiment with the prism. 
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ObM. It was this property, namdy, xefiraetion, tliateBikU 
Sir Isaac Nc\vton to diBcover the compoand nttare of the ttkt 
light, by causing it to pass throuffh a triangolar piece of |^ 
called the prism^ the action of wnich depends apon the Wt 
ent rcfrangibility of the seven different rays. Begimung wtt 
the first, or most refrangible, the succession is viofei, itidipi 
blue, green, yellow, orange, red. 

The decomposition of light only requires that a ray sbonU 
be admitted through a small aperture into a room, and madeli 
pass through a triangular prism, as represented bv the Cjpam. 

. T^edirectiooflf 

^p"^ I the ray towardstfai 

point e will be 
changed by refine' 
tion, and at the 
samo time it ivi 
be decomposed iaH 

B ^"^^^^"^^^ * ^^ colors alras4f 

^ ^^"^^ named ; the yM> 

corresponding with 1, and the red with 7. The colon! 
figure, formed by the spreading out of these different rays, M 
represented between A and B, is called the 'prismatic spectntnj 
always bounded by the violet ray on the one side, and the its 
on the other. 

128., The seven colors of the spectrum arc 
divided into three kinds, from the three different 
eifects produced by them ; the calorific or heat- 
ing rays ; the luininous^ and the chemical rays. 

129. The calorific rays are generally describ- 
ed as in the red ray,- or a little below it ; but 
different experimenters have placed it differently, 
some making it a little beyond the red, others in 
the red, orange, or yellow ; but all these discre- 
pancies have lately been reconciled, by disco- 
vering that the place of greatest heat depends 

128. How are Uie seven colors divided, and why 1 

129. Wtiere it the greatest beat, and why have •zperimenters differed oa 
this point ? 
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entirely on the kiad of prism used. If it be of 
common flint glosp, it will be in the red, or a 
little below it ; if it be a hollow prism filled 
with water, the ^eatest heat will be in the yel- 
low ; if it be the same prism filled with sulphuric 
acid, it wit. be found in the orange. 

130. The greatest tZZt/mma^ing' power is found 
to be in the yellow ray, and diminishes as we 
proceed from this point to either end of the 
spectrum. 

Obs. The illominating power is foand by lettlne the spec- 
trum fall on a large pjfintcu sheet, when the letters tnat are re- •'■ 
fleeted in the yellow rays can be seen more distinctly than those ^ 
in any other color. 

131. It has long been known that the solar 
rays are capable of blackening a stick of lunar 
caustic (nitrate of silver). This effect takes 
place very slowly in the diffuse light of day, 
but in less than a minute in the direct rays of 
the sun. The degree of chemical action, pro- 
duced by the different rays, was ascertained by 
spreading a solution of the nitrate of silver on a 
sheet of white paper, and exposing the paper in 
the prismatic spectrum. In a very few seconds 
that part of the paper exposed to the violet ray 
was changed to a deep violet color, the indigo 
required a little longer time, the blue still longer, 
and the green the longest of all ; no perceptible 
change being produced beyond the green rays. 

130. Where is ibe greatest IlluminaUnf power, and bow is it found 1 

131. What eiperiment is described wiUi lunar caustic, and where is the 
efll»t crsatest l—Wbat ebservatioii on indelikU imk t 
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The maximum effect was found a little beyooi 
tli(i violet rays of the spectrum. 

()l>s. Th(* common article called indelible ink^ used formaik* 
itiir on linen, is nothing more than tho nitrate of silver, a ■! 
roiii{H)sril of silver (Hfltiolved in aquafortis; this when ezpOMl 
to the Hun'H rayp, and still u:ore rapidly in the violet rays of the 
h]>iv.triuii, is (iecemposcd, the silver being deposited in tlv 
texture of the cloth m tho form of a black powder, while the 
Rquufortin is in part evaporated, and the rest is removed b^thi 
first washing. 

132. It was stated (127) that light is refracted 
by {)assiiig obliquely out of one medium into 
another. \i the ray is allowed to pass through 
certain mineral substances, such as transparent 
calcareous spar, it will exhibit a double image 
of any object seen through it. This property 
is called double refraction. 

Illust, Thus placing a crystal of this mineral in a certain 
position, upon a clear picco of paper, having a sincle black 
fine drawn upon it, wlicr^ seen through the crystaJ» the lint 
nppears double. In this case the light which proceeds from 
tho object in coming through the mineral is split into two 
piirts, ono of which is bent out of its course more than thf 
other, which causes the object to appear double. 

133. The second kind of light, is that which 
proceeds from substances strongly heated, and 
is of terrestrial origin, and consequently called 
artificial, in contradistinction to natural light 

134. All bodies when intensely heated emit 
light ; this appearance is called incandescence^ 
and begins to appear in solids at the temperature 

i:K. What is meant by double refraction ?— Give the illustration 

133. Wliat is said of artificial light 1 

134. Wbat is said of incaodesceuce t 
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of about 700^ in the dark, but in broad day-light 
eU about 1000°. 

135. The different degrees of light and heat 
^ven off are described under the terms obscure 
red, bright red, jrellow, white heat, &c. 

136. Nearly all artificial lights are produced 
by the combustion or burning of inflammable 
matter. 

137. Light is absorbed by some bodies, and 
ifterwards emitted at common temperatures, or 
.n which the heat is not in proportion to the 
ight, giving ^ise to an appearance called phos- 
ohorescevce. The substances producing these 
^fleets are called phosphori, 

138. Phosphori are of three kinds: solar 
phosphori,. phosphori from heat, and spontane- 
D7is phosphori. 

139. Solar phosphori are those substances 
wrhich by exposure to the sun's rays absorb a 
part of the light, which they emit again on be- 
ing carried into a dark room. Such are the dia- 
mond, borax, boracic acid, and snow. 

Oba. Du Fay exposed a diamond to the imi's nijs,^ and imme- 
diately covered it with black sealinff-waz, and on the removal of 
the wax several months afterwardiB in a dark room, sufficient 
light was emitted to distinguish the figures on the dial of a 
watch. Obiects which are seen indistinctly in a cloody night, 
are rendered more clear and distinct when tliia ^ound is coveiea 
with snow, in consequence of.the light which it emits. 

135. Wbat aie tfae difierent terms used ? 

136. How are artificial ligbts generally produced 1 

137. What is pboqibcnretceiice, and wliat are pbospbori 1 

138. How many kinds of nbo^Aori 4 __i_^.M.fti 

139. DeKribe sdar BtesphOTl.— What was Da Tmjf'a exp«fU»«>^ 

1 
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140. Phosphori by hML, an thaoa wfaM m 
rendered phosphorescent by heat alone ; sodi tf 
the mineral called flucr mar^ or mcne 



monly Derbyshire spar. The j^Ak of an 9; 
when dried, becomes laminousby heat; ill 
spermaceti, wax, and tallow, 

Exp. Heat a common fire shotal or inm plate mmAjit^ 
iiess, and then aprinkle on it aome flaor apar, it will uimM 
ly give oat a beautiful green light 

141. Of Spontaneous Phosphori. The tel 
fly and fi^low-worm are remarkable instanfl* 
The luminous appearance of the qpa, as seenii 
the wake of vessels and steam-boats, is ascTibil 
to the presence of exceedingly minute animdi! 
This explanation is render^ probable fromAtj 
fact, that the water when allowed to ffltol 
through fine paper, which would retain the att*! 
malculae, loses the property of becoadng phfl» 
phorescent. 

142. All plants that grow in the light are eo* 
lored, while those deprived of it are wtute. Thol 
celery is rendered white, by cultivating it prMCifr 
ed from the light ; the young shoots of potaM 
that frequently grow in dark cellars, are wiiiii 
and nearly tasteless. 



140. What are photpliori by heat 1— Describe tbe ezperiaMm 
Derbyshire fipar. 

141. What ifl said of gpontaneotu phoaphori T 
143. What effect has light oo planti f 



ELECTRICITY. 

i^his subject will be treated under the follow- 
heads : 

Common Electricity, 
Galvanic Electricity. 
Magnetic Electricity, 

COMMON BLECTRICITY. 

43, Electricity is comparatively a mo- 
1 science. The ancients, it is true, were ac- 
inted with a few detached &cts ; they knew, 
example, that amber (called in Greek elec- 
i) had the power of attracting and repelling 
t bodies after it had been rubbed in contact 
1 a piece of woollen or silk. The amber, 
onsequence of this remarkable property, was 
ed an electric^ and the phenomena presented 
t were together called electricity. Afterwards 
jr substances having properties similar to 
>er were discovered, among which are glatss, 
Q, sulphur, sealing-wax, &c., all of which 

What knowledge had the anclenta of electricity 1— What i» ■*** ®^ 
• f— What w iaid of electrics aiidnon-viectr^ 1 
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were denominated electrics^ and all those whid 
could not be excited were called non^eetries. 

144. Electricity is supposed to be a subtili 
fluid, somewhat like caloric in its natuiie ; tih 
earth, and every body with which we are ac 
quainted, contains a certain portion of it, whid 
exists only on the surface, and in a latent o: 
concealed state, so that we are not aware of it 
presence until we take some means of arousing 
or exciting it. 

145. Thus, if a glass tube be rubbed ii 
contact with a silk handkerchief, it will at 
tract li^ht substances when brought near, sucl 
as smsdl fragments of papw, cotton, gold leaf 
&c., and if the knuckle be brought near the tub 
while in this state, a small spark will pass firon 
the tube to the hand, accompani^ wmi a snap 
ping noise, and a sensation like the prick of i 
pin. 

Exp. Suspend a light feather by a piece of fine thiead, Ul 
having exciteil the fflass tube by means of silk, present it to til 
feather, which will oe attracted, but on gently withdrawing an 
again bringing it near the feather, the latter will be steadK^ M 
pelled, so that it will be impossible to approach it with 4l 
tube ; after a while, however, it loses its repulsive power, an 
is again attracted and then repelled as before ; these two atata 
may be understood by inspecting the accompanying, wood Odb 



144. Define electricity. 

145. Define tbeezperiments. 
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146. It would be interesting to inquire, what 
kes place when we rub a piece of glass with a 
Ik handkerchief? According to Dr. Franklin, 
le silk and glass, before being rubbed, contain- 
i an equal snare of the electric fluid, which was 
tiiformly spread over the surface ; but when the 
70 were rubbed in contact, the silk was robbed 
' a part of its electricity by the glass ; hence 
le former have less than its natural share, and 
le latter more ; if, therefore, we present to the 
ass any body that has not been excited, it will 
iceive from it its excess of electricity in the 

.49. Give the ratioiiAle Recording to Franklin^s theory. 
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form of a spark, as proved by presenting the 
knuckle to the excited tube. But the silk may 
be made to exhibit the spark also after fiictioD, 
by presenting it to an unexcited body ; here, 
however, the spark passes from the body to the 
silk, because the latter being robbed of its fluid 
by the elass, has really less than it had at first, 
and will take it from any body that has its foil 
natural share. 

147. From the above remarks, it appears that 
electricity has a tendency to dififuse itself uni- 
formly over the surfaces of all bodies. This is 
called its tendency to an equilibrium ; and all 
electrical experiments are nothing more than the 
different methods of disturbing this equilibrium, 
or in other words, robbing one body of its dec- 
trity to give it to another. 

148. Excite the glass tube as in Ejcp. (146) 
and cause it to repel the fi^^her, while in this 
state, rub a stick of sealing wax, or roll of sul- 
phur, in contact with flannel or woollen cloth, 
and present it to the feather, it will be attracted 
and fly to it. 

149. Now reverse the experiment, and having 
electrified the feather by the sealing wax, bring 
the excited glass near it, and -instead of being 
repelled, it will be attracted. 

150. These experiments show that the elec- 
tricity excited in the glass, differs from that ex- 

' ■ ' . ■ ■ L I .1 rm 

147. WhMiB the tendency of electricity ? 

148, andr4B. Describe the experiments 14d and 149. 
150. What do they prove t 
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cited in the sealing-wax, inasmuch as bodiet 
repelled by the former are attracted by the latter; 
and vice versa. 

151. Hence bodies having the same kind of 
electricity, as was before shown (145), repel each 
other, while those having different kinds^ attract 
each other. 

152. Du Fay, a French electrician, explained 
the above facts, by supposing there were two 
distinct electric fluids, one naturally belonging 
to the sealing-wax, resin, and all resinous bodies, 
and the other belonging to glass, and all vitri- 
fied or glassy bodies ; the former was according- 
ly called resinous electricity, and the latter vir 
tjremis : but the terms negative and positive are 
xnore generally used at the present time ; the 
former corresponds to the resinous, and the lat- 
ter to the vitreous. The feather electrified by 
the excited glass, is said to be in a positive stcUe^ 
while that by the sealing-waxj is negative* 

153. If the glass when rubbed by the silk be 
positive, by robbing the silk of a portion of its 
electricity, the silk is necessarily rendered de- 
ficient or negative ; hence we have developed 
another electrical law, which is, " that one kind 
of electricity cannot be produced without the 
other," and that when the body becomes posi- 
tive, some part of the exciting arrangement 
must be as highly negative. 

151. What is the inference from thene experimentsi 
158. How did Du Fay explain Uiem 1 . ^,_ .. ., 

153. What law Ik developed by rubbing glan and.iilkl— aiv«M«U- 
lustration. 
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160. Any body is said to be insulated when 
placed in such a situation as to be sarroonded 
by non-conductors. Thus, the metallic bar in 
the experiment last described, which is in con- 
tact with nothing but silk and dry air, both 
non-conductors^is said to be insulated. A person 
may beinsulated by standing on a stool support' 
ed glass legs. 

ELECTRICITY BY INDUCTION. 

161. It was shown (161) that whenever elec- 
trical attraction exists between any two bodies, 
those bodies must be in opposite electrical states ; 
thus, in Experiment 2d (146), the feather be- 
fore it was approached by the glass tube was in 
its natural state, and indicated no signs of elec- 
tricity whatever ; but the moment an exdied 
glass tube was presented, the feather was thrown 
into the opposite electrical state from that of the 
glass, merely by the approach of the glass. The 
father is said in this case to be electrified by 
induction, or in other words, the excited glass 
coming near, excites in the feather an opposite 
electric state. 

Oha. Electricity by indaction is always produoed when an 
excited body is brought near another body unexcited. The saoM 
effect is produced if one side of a non-conductor rtx^Te out 
kind of electricity ; the opposite side is thrown into the oppoMtt 
state by induction. This will be further explained anaer tiM 
Ley den Jar. 

160. What is understood by insulation ? 

161. What M meant by electricity by induction 1— What obsenrttlovll- 
Ittitrates the sabjectt 
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ELECTROMETERS. 

162. An electrometer is an 
instrument used for showing 
when a body is electrically exci- 
ted. It is made in a variety of 
shapes, one of the most com- 
mon is that represented in the 
accompanying wood cut, in 
which a glass rod bent in the 
proper form andv inserted into a 
wooden base,supporteda couple 
jj^ of pith balls which are suspen- 

^^> ded by delicate threads of white 

silk. When an excited body is presented, the 
balls will first be attracted ; but acquiring the 
same degree of electricity as the excited body, 
they will soon be repelled as seen in the figure. 

163. One of the most useful, most simple, 
and most easily made, is constructed by sus- 
pending two very light and downy feathers, by 
two threads of raw silk, from the ceiling or some 
other convenient place. The threads should be 
at least four feet in length, and when unexcited 
will hang together, but on approaching them 
with an excited glass tube, they will first be at- 
tracted, but both acquiring the same kind of 
electricity, they are soon repelled. 

164. For still more delicate purposes, the 

162. Define electrometere. 

163. Describe the most simple construction. 

164. Deacribe Bennet's elecuometer. 
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eold leaf electrometer of Bennet is subsi 

It is generally enclosed in a glass jar, ai 

sists of a brass cap and a cod 

wire, which passes through th 

^ and terminates in two strips 

" ; as seen in the accompa 

figure. I have seen the gold 

direr^ by bringing an excite 

'tobe within five or six feet 

brass cap. 

miectrical Machines. 

165. The electrical machine, is mad 

variety of foriiis,but there are two kinds i 

ral use, the cylinder and plate machinet 

lOuit. The figo 

■ent* a cylinder mi 

nbich B u the ;E;Iaa 

■uppoltcil on gJuBB 

nntl E. I R, tHe rul 

'a looae dap of silk c 

OTCi the cylinder 

crank, with its han 

M, Ihoiirimeconilui 

or brass eupportcil 

glua pillar N, havii 

in the PilrcmLl; L f 

ing the elect lie Huiil 

glass cylinder. On 

the machine, the gla 

der receivea all thi 

electricity from Ibi 

the points on the prime coinJu- 

t bKomes dcGcieiit or neuative, - 

poiitive or in eiccas. Ifthe ham 
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itnted to the conductor in an excited state, a spark will pass 
to the hand ; and if the hand approach the rubber, instead of thA 
conductor, a spark will also pass, but in an opposite direction, 
because tne rubber in this case has less than its natural share, 
and the hand when compared with it has more, or is in a posi- 
tire state, and will impart a portion of its own electricitj, in 
the form of a spark to make up the deficiency. 

166. The plate electrical machine, consists of 
a flat plate of glass of the kind used in makin{( 
looking glasses : it is cut into a circular form, a 
hole is made through its centre, and an axis 
passed through it. It is then ratounted on 
wooden pillars or frame work, with the axis 
horizontal, as in a common grind-stone. — 
The rubbers are fitted on each side of the plate, 
and the prime conductor near its circumference ; 
and the latter is used in the same manner as the 
cylinder machine. 

167. To put the electrical machine in good 
order, every part must be dry and clean, becatise 
dust or moisture would, by its conducting power, 
diffuse the electric fluid as fast as accumulated. 
To increase the efiect, an amalgam made by 
mixing one part of metallic antimony in a melt- 
ed state, with two of quicksilver, heated nearly 
to the boiling point — and making them into a stiff" 
ointment with lard or tallow, — the rubber is 
covered with this amalgam. 

168. Both the cylinder and plate machines are 
in general use ; but for ordinary purposes, the 

1«7. To put a machine in order, what is reqnigite 1— What is used to 
increase the effect, and how is it prepared 1 
168. Which Icind of machine is preferable, and why ? 

8 
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fonuer is preferable : as it is more simple in if 
coii^ruciioii, and more easily managed. 

169. By means of aitractiou and repulnm, 
"■'"" a great variety of elegBJi 

and amusing; ezpenmcmi 
/may bt made with lJ» 
jjeleclrica! machine. A- 
^mong the most strikiitt 
y of these is the head « 
hair, which stands on end 
when PKcited, in con- 
sequence of the repnlsioi 
of the similarly electrifiai 
IjniTs. A similar esperi 
ment is made, by placing a person upon the in 
snlating stool, in connexion with the prime con 
ductor of the machine, as seen in the figure. 

170. The electric bells, the pantomime dance 
the electric lly-wheul, the electric orrery, luim 
nous words, tltc, are all higlily interesting ant 
uiiiiising (!x|>orimunts. 

171. Tlie Leydcn jar from its extensive use 
ill electrical experiments, and the amusemoi 
mid instruction il afibrds, mehts a particuU 
(iu.scriplion. The application and uses oftht 
instniueiit, likemanyother valuable discoveries 
wiLs the result nf accident. 

When the subject of electricity had acquirec 
considerable notice in Europe, an association o 
^cieiitilic gentlemen at Leydcn, were amusing 

ITl How wm ih« Lcyden JM aiMnvarw) t— IWk., I.4..i ..r ;._ ....n 
"i>i In uKl'Whal iruatlai|ili 
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themselves with electrical experiments, during 
which, it occurred to one of them, to charge a 
tumbler of water with electricity, and learn by 
experiment, whether it would affect the taste. 
Having directed a current of electric fluid for 
some time into the water, he grasped the tumbler 
and brought it to his Ups, but before he could taste 
the water, he received the ftill char^ of electrici- 
ty in the extremity of his nose, which happened 
to be very prominent. Consternation seized the 
whole company, and various exaggerated reports 
were spread throughout the country of the 
wonderful discovery and tremendous effects of 
the electric shock. Jars of water were at first 
used, but it was at length proposed to use some 
substance that was a better conductor ; and the 
jars were partly filled with metallic filings. 
Subsequently, however, tinfoil was substituted 
for the metal fillings, and this arrangement is 
is now in general use. 

172. The Leyden jar is generally made by 
coating externally and internally, 
a wide mouthed glass jar, with a 
wire passing through its cap and 
extending to the bottom. The top 
of the wire is surmounted by the 
brass ball A, as seen in the wood 
cut 




J7S. Uow are the Leyden jars generally made 1 



173. To chai^ the jar, nothiDg more is ne- 
cessary than to present the brass ball A, to the 
prime conductor of the electrical niacliiue, 
while the}Btter is in action. The outside of the 
jar is generally either in connection with Ae 
earth by means of a chain, or with the rubber. 

In onler to diacharae the jar, we use a dis- 
charfrer as represented by B, in the wood cut, in 
whicn a, x, a, represent the wire and kuobs, 
and B the glass handle. T he dischar^ is made 
by presenting one of the knobs a, to the outside 
coatinf^, and the other to the brass bail A, as in 
ibe position represented in the wood cut above. 

Obt. It b genenlb (Uted in the books, that ia nnln It 
etune tba ju MMceu^Iy, Ihe ooUr coaling ahould commoni- 
cats b; meMU of k obun, or nma nietaUic nonductor nHb tb 
MTth: bntitb maeh better to hate tbeoutprcnaling, b? mam 
of e ciwin, in oonneiion with the rubber : by which meBiu thi 
oular lurnce will becoma highly m-jjuiivc, wliile the inner o» 
become) highly poeitiTs. 

174. If, when we have charged the jar, W» 
hold the exterior coating iti one hand, and ti»di 
the knob with the other, the spark passes ai tA> 
fore, and we perceive a peculiar, and in mt0t 
casos painfiil sensation, at the vrristand elbowi 
and across the breast, called the electric ahoek. 
Aiiy number of persons can receive the shock af 
the same time, by forming themselves in a eiidi 
communicating with each other, and lettingtbe 

173. Hotrlillchirni],>iidlHiwdlKliirRdt— WbUKBBifcllMdt 
with Mftnl W iMniiMirBi tlM ouln cou1d| oHt Uw ««tb 1 
1T4. WbUl'MldofihaeleeiTlcihocli, aiidUHiiiiBibnibUemTCMM 
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first touch the Quter coating of the jar, and 
while his hand rests in contact, let the last one 
bring his finger to touch the knob, every person 
in the connection will feel the shock at the 
same instant. 

Obs. The shock has been made to traverse a distance of foor 
mikfi, without perceptible lapse of time; hence the motion of 
the electric fluia must be incalculably rapid. 

175 It is natural to suppose, since we are 
compelled to coat the jar in order to charge it 
successfully, that the electricity resides in the 
coating ; but it can be proved to reside in the 
glass only; for the coatings may be rendered 
movable, and thus we can analyze the jar. 

JSxp. To a common quart tumbler, of the shape re- 
presented in the figure, fit an inside and outside coating 
of common tin plate, so that the glass shall project 
considerably above the coatings. To the bottom of the 
inner coating solder a piece of metallic wire, having a 
knob on the other end. and let the wire be bent into 
the form of a hook for convenience in removing it. 
Having charged the jar in the usual way, remove the 
inner coating by means of a glass rod, and set it upon a table, 
now remove the tumbler by means of the thumb and finger, 
touching it only on the edge, and while you hold the glass in 
one hand suspended, the coatings may be brought in cx)ntact 
and handled when they indicate no signs of electricity ; return 
the coatinffs in their place, and the jar may then be discharged 
in the ordinary way ; thus proving that the charge resides in 
the glass and not in the coatings. The principal use of the 
coatings is to act as conductors in spreading the electricity ovor 
the surface. 




175. Where does the electricity reside in the Leyden jar t How prov- 
ed? 



8* 
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to the experiments of Fraiiklin, Dalibard and 
Delors, two French philosophers, had obtained 
similar results by the erection of spires ; but the 
honor of the discovery is universally ji^vea to 
Franklin, as it was from his suggestions and 
recommendations that they were enabled to ac- 
complish their purpose. 

Obs. 1. Li^litning is the result of the accuninlation of lufi 
quantilics of electricity in the atmosphere ; Bometimes one doll 
is in the positive state, while another approachinff it ii in tlw 
negative state, and when they have approached samcientW MIf 
the spark will piss from the positive to the Degative cloud, pn- 
ducing the flasli of lightning. In the space occupied bj tiv 
flash, the air is suddenly and forcibly separated, and wlmit 
comes together airain, produces a report which we call Muiulir. 

2. Sometimes the cloud in a positive state, instead of appiOM^ 
ing a negative cloud, approaches the cartn, which happenitl 
be nt'gative, and then the flash passes from the cloud to thi 
earth : in this case some object is always struck, Which ii gnt* 
rally the highest object and best conductor ; hence high bnl^ 
ings, such as stee[)les of churches, tall trees, masts (7 rnwiili, 
&c.. are generally the objects injured or destroyed by Li|rhtnimi 

179. Notwithstanding^ the faciUty and dangor 
of makincj these experiments, yet only a singb 
case of dcatli is recorded in repeating them, and 
that was the late Professor Richman, of St. Pe- 
tersbiir<rh, who approached too near the lower 
part of an insulated spire during a thunder- 
storm. He was examining the electrometer, 
which was standing near the lower extremity of 
the rod, when stooping a little to look more 
closely at the phenomena, a large ^lobe of elec- 
tric tire flashed from the conductmof rod to his 



'O 



17H. Obs. 1. Whalwli^htiiing?— What thunder?— 2. WhatcauiMl 
ligiiiiiiup to strike ? 
i79. WJiat is 8cii(l of Professor Rlchihan ? 
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I, and pasaed dirough bia body, destroying 
instEDUy. A red spot was produced upon 
brehead, his shoe was burst open, and a part 
s vest singed ; his companion vas for some 

rendered senseless ; the door of the room 
split and torn off its hinges. 
10. The most important, and therefore most 
esting application of the theory of electri- 

is in the use of lis^htning rods to protect 
lings, ships, &c. It consists in erecting a 
lUic rod beside the building, which it is m- 
ed to protect, it should be pointed at e^h 
»mty, because points receire and impart the 
ric Quid silently. The upper end should 
ict above the highest part of the building, 
ither should penetrate deep in the earth or 
intact with water. Iron is generally used 
nse it is cheaper, but copper is better be- 
e it does not so easily rust. The part that 
«ts above the building, generally tenninatee 
number of points, thus 




WtaU u» ll(liinlnt™i"l— How in Iher «™"?«"f,';n2'SJi 

iimK«il7iii.J)-Wlatl«U>eliMmi>4«bT»-Wli«w"»M»t 
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and these are generally of silver, gold, or plafr 
num. becaus(i those metals do not rust. The 
rod should be half an inch in diameter. 

181. People arc often led to inquire what an 
the best means of safety during a thunderstorm' 
If out of doors we should avoid trees and ele- 
vated objects of every kind ; and, if the flash is 
instantly followed by the report, which indicates 
that the cloud is very near, a recumbent posture 
is considered the safest. We should avoid rir 
vers, ponds, and all streams of water, becanse 
water is a good conductor, and persons on the 
water, as in a boat, would be the most prominent 
object, and therefore most likely to be attnu^ 
by the lightning. 

182. If we are within doors, the middle of t 
large carpeted room is tolerably safe : we shoold 
avoid the chinmey ; for the iron of and about 
the grate, the soot that often lines it, the heated 
and rarified air that it contains, are all toleraUe 
conductors, and should on that account be avoid- 
ed lest they should be attracted by the lightning. 

183. It is never safe to sit near an open win- 
dow, because a draught of moist air is a good 
conductor and should therefore be avoided; 
hence we should close the windows on such oc- 
casions, as well for avoiding the hghtning as the 
rain. In bed we are comparatively safe, for the 

181; Where is the safest place while out of doorg In a thiinderstonn 1 
J82. Where is the most safe place In the house?— Wbat places hIkwM 
be avoided ? 
ItK/, What is said of sitting near a window? 
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ftathers and blankets are bad conductors, and 
we are to a certain extent insulated in such situ- 
ations. All these precautions are unnecessary 
in buildings well defended by lightning rods. 

184. There is a variety of amusing' experi- 
ments for illustrating the effects of lightning 
upon buildings by causing electricity to pass 
through the model of a house, a powder maga- 
zine, &c., exhibiting in miniature the effect of 
lightning upon buildings. 

185. There was at one time much discussion 
Muongst electricians respecting the relative ad- 
vantage of balls and points in constnictinfi^ 
lightmng rods ; but, a^eeably to Dr. Franklin^ 
original recommendation, points are now uni- 
versally adopted, because they conduct away 
the electricity silently. To prove the correct- 
ness of this opinion, Dr. Franklin proposed the 
following experiment : 

Exp, Attach one or more large flocks of cotton to the prima 
oiMuhictor, 80 as to resemble electrified clouds; when a point is 
made to approach them they collapse, recede, and qaicklj Iom 
(bar electncity ; -when, on the other hand, they are approached 
by a ball they are attracted towards it, and the elcctnc charge 
IS very slowfy dissipated. 

186. The aurora borealis, smd aurora austr a- 
lisj or the northern and southern lights, are sup- 
posed to be caused by currents of electricity 
passing through the higher regions of the atmos- 

184. What experiments referred to with housen, powder niagazlneMcc. 

185. Why are points preferable to baUs in constructing lightning roat i 
—What experiment was proposed by Franklin ? . 

188. What U said of the aurora borealis and the aorora.oustraiisT 
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phere to or from the earth, in which ease itnoik 
pass through such strata as are highly laiifidli 
and this opinion is strengthened by the &ct thit 
the electric fluid will pass through an exhawlr 
ed glass vessel, exhibiting much the aame ip- 
pearance as the light of the north. Shooting 
or falling stars are also considered to be of elfl&- 
trical origin. 

GALVANIC ELECTRICITT QALVANIflV. 

187. The term galvanism is used to donote 
the electricity produced by the corroding actkv 
of various materials on plates of diflSsrent me- 
tals, such as that of oil of vitriol upon iron or 
zinc. 

188. The common experiment of putting a 
piece of zinc on the surface of the tonrae, 9m 
a piece of silver under it, and letting t£e edgei 
come in contact over the tip of the tongue, 
was described by Sulzer, a German, in 1/67, 
and was the first notice of any fact that comei 
under the denomination of galvanism. In thii 
experiment the moment the metals come in coor 
tact a peculiar taste is perceived, and if the eyes 
be closed, a flash of light at the same instant. 

189. No other fact of this kind was lUAde 
known until the novel and wonderful ezperi- 

187. Explain the term galvanism? 

188. Deticrlbe the experiment with silver and sine. 

189. What led to the discoveries in the science off alvanian f — Olve tke 
history of the disoovtry. 
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ments of Galvani, a Professor of Anatomy in the 
University of Bologna, in Italy, from whose 
name the term galvanism is derived. 

06«. The discovery was entirely accidental, aB the follow- 
ing circumstances show. It happened in the latter part of 
l7o9, that Madame Galvani, then an invidid, was advised by 
her physician to take, as a nutricioos article of diet, soup made 
of tne flesh of frogs. Some of these animals recently skinned 
for that purpose were lying npon a table in the professor's lec- 
ture room, near which a pupil was amusing himself by experi- 
ments with the electrical machine. While the machine was 
in operation, he happened to touch the leg of one of these ani- 
mals with the blade of a knife which he held in his hand ; the 
whole limb was convulsed at every spark taken from the mar 
chine. Gralvani, it appears, was not present when this happm- 
ed, but received a £iithful account of it from his lady, who had 
witnessed with much interest the whole occurrence. Galvani 
lost no time in repealing the experiments, and in examining 
minutely into all tne circumstances connected with them. 

190. The nerves and muscles of animals 
are most easily affected by the galvanic influ- 
ence. 

JBxp, 1. Place a living frog or a flounder upon a plate of 
xinc, and a pie<:e of copper upon the upper surface of the ani- 
mal, and connect the two by a piece of copper wire; every 
time the connection is made the animal is convulsed by the 
flhock. 

% Let a person go into a dark room, put a piece of silver 
upon his tongue, and press a piece of tin foil against the globe 
of the eye ; by making a communication between the two by 
a small piece of copper wire, at every contact a flash of light 
will be perceived in the eye. 

191. By repeating and varying the experi- 
ments, Galvani soon found that any two metals 
would answer for his experiments, but that it 

190. What is said of galvanism oh nerves and muscles 1— Describe ths 
experimtat with a frog.—DescrilM that with the silver and tin ftHl. 

191. What was the rssoltof varying the ezperimsnts? 

9 



116 ATOMIC TBBORT. 

&ct8 without any regard to theoiy ; it is 
ject of the atomic theory to explain the c 
these &cts, or, in other words^ the reaso 
bodies thus combine. 

Ob9. The atcMDic theory, as it u called, was Intnx 
Pr. Dalton of Manchester, Eng. 

231. It is assumed, according to this 1 
that all bodies are composed pt ultimate 
that is of atoms so small thiait they can 
^vided, and that the weight represented 
proportions in which bodies combine, 
same as that represented by their ultimate \ 
consequently, knowing the former, we in: 
latter. 

ELuBt. Thus, hydrogen being the lightest of all hoc 
can be weighed, its atom is represented by one, while 
beiag much heavier is represented by eight, and it is 
ary to employ the term atom here in the same sense 
bining number, equivalent number, &c. ; hence, in 8 
of water, instead of saying it is composed of one equii 
hydrogen and one equivalent of oxygen, we may si 
equal propriety it is composed of 1 atom of each < 
and as the atom of hydrogen is 1 and that of ox; 
the compound atom of water must be represented by 9* 

332. All gaseous bodies unite in definit 

Eortions by volume, in the same manner 
ds and liquids unite by weight 

HUut. Thus, two measures of hydrogen united U 
oxygen form water ; one measure of nitrogen gas ni 
three measures of hydrogen, form the gas called amn 
hartshorn. 

331. What does this theory assume 1~Give the illustration. 
I. How do gaseous bodies unite ?— How is it illustrated t 



PART n. 

NON-METALLIC BODIES. 

233. As before stated,* there are fifty-four sim- 
ple or elementary bodies, thirteen of which are 
non-metallic, and forty one are metals. 

234. Of the thirteen non-metaUic elements, 
four, namely, oxygen, chlorine, hydrogen and 
nitroffen, are gaseous bodies,* bromine isaUquid, 
and the remaming eight are soUds at common 
temperatures. 

Table of non-metallic elements. 
Oases, Liquids, Solids. 

Oxygen, Bromine, Iodine, Carbon, 

Chlorine, Fluorine, Boron, 

Hydrogen, Sulphur, Silicon, 

Nitrogen, Phosphorus, Selenium. 

235. Nearly all the elementary bodies exist in 
the crust of the earth, in a state of combina- 
tion. A few of them exist in so small quantities, 
and are apparently so unimportant, that if they 
were annihilated we should scarcely feel their 
loss ; while others of them are so obviously 
necessary to the present order of things, that the 

SS33. How many elementary bodies?— How many non-metallic 1— How 
many metals ? 

334. How many of the non-metaUic are gaseous bodies I—What ars li- 
quid, and what are solid 1 . ^ i 

235. In what state do elementary bodies generally exist, and what 1« 
their relative hnportance 1— What are the aubjects of Chapter n 

* See General Bemarks. 
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loast arrangement or alteration in their propor- 
tion or quantity would be destructive to die 
whole. 

CHAPTER I. 

Oxygen^ Chlorine^ Hydro^en^ and NUro- 
gen, and their combinations with each other. 

OXYGEN 8.* 

236. Oxyg;en is one of the few elementary 
substances that occur naturally in the ^seoos 
form, in which it constitutes about one mth part 
of the atmosphere, and may be fairly considered 
as one of the most important, if not the most 
important substance, found about the surface of 
the globe. It enters largely into the composition 
of the crust of the earth, forming more than one 
fourth part of its weight. It forms a consti- 
tuent part of animals and vegetables, and a con- 
stant supply of it is necessary to their support, and 

236. What propnrtiim of the air is oxygen ?~And what its impwtaneel 
—What pan of tlie earth docs it form 1— What part of water ? 

* The fi{;ur«8 after the namos of substances in the titles of the secthMiii 
represent their combining number or equivalent; the latter term wiUbe 
used in thistrcatiwe,oii account of shortness and to prevent eoofusion. With 
regard to fixing! upon th(> equivalent numbers representing the variouf sub- 
stances described, I shall generally take the numbers given in the fonrtli 
London edition of Turner's Chemistry, as the nearest approximatioB lo 
truth. The chief objection to these alterations from the old numbers is, that 
h« has introduced fractions. To avoid the Inconvenience of these, I shall in 
this work stUl adhere to whole numbers, and shall generally give ttaH 
number the preference to which tlie fraction the nearest approxImalM. 
Thus the former equivalent for phosphorus was 12, Turner fixes on 15.7; 
as this approaches nearer 16 than 15, 1 tbaU adopt lO.io prtfereiMA. 
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even their existence. Eight ninths of the weight 
of water is oxygen. 

237. Discovery and name. Oxygen exists in 
the state of a gas in the atmosphere, and was 
discovered bx Dr. Priestly in 1774. The term 
oxygen is from two Greek words, signifying to 

form acid, because it was supposed that no acid 
could be formed without its presence. 

238. Preparation: It is generally obtained 
for the purposes of exhibition from the salt 
called chlorate of potash, from saltpetre, or from 
the substance called black oxide of manganese, 
either of which, by being heated to redness, will 
afford abundance of oxygen. All that class of 
bodies called oxides or the rust of metals con- 
tains it : all the different kinds of earths are 
oxygen combined with different metals. 

Obe. For those who are not much accustomed to experi- 
menting, chlorate of potash is preferable to either of the other 
materi^s, both from tne simplicity of the apparatus required 
and from the success which generally attends the experiment. 
The nitre is dangerous to use, especially for those who are not 
in the habit of using it, and of course are ignorant ef its pe- 
culiarities, and the oxide of manganese is frequently impure, 
and thus frequently renders the experiment unsuccessful ; be- 
sides the chlorate of potash affords the purest gas, one ounce 
of which yields nearly two and a half gallons of oxygen. — 
Nearly all the methods for procuring oxygen require a furnace 
of some kind. 



S37. What ia said of the discovery and tlie name of oxygen 1 

338. What materials are used, and how is the gas separated ?— Which 

is prefsrable, and why 1— How much gas does the chlorate of potash 

yield f — Descrilw the apparatus and the vxperiment. 
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Exp, TlieiBaiiiMrofp» 

Sring the gtm may 1» n- 
ratobd fiom the ■eoos* 
panying iSgoze ; in wfaU < 
represents a common poita* 
Ue furnace, filled with 1^ 
ed charcoal, (almost any mi 
furnace that will bum au- 
coal will answer the punpofli) 
b is acommonfloienceMk 
containing from one half tt 
omice, to an ounce of chlorate of potash, according to the fna- 
tity of gas required ; the flask communicates with ths pnemmr 
tic trough c, by means of a leaden tube, where the gas is dis- 
charged into the water under the glass receiver d, (which liai 
been preTiouslv filled with water, and inverted in tlie tfongfa c^) 
and being lighter than the water, rises through it in bobbhi 
as represented in the wood cut.* 

Wnen any other materials are used finr preparing oxjgn 
such as saltpetre, oiide of manganese, an iron botUe may to 
used, and should be heated to rraness, careftiUy regulating thi 
heat. 

Rationale, Chlorate of potash is composed of three ioffit' 
dients, oxygen, chlorine, and the metal called potassiumTiST 
applying heat the oxygen is expelled, and the chlorine m 
potasBiuni remain in a state of combination in the flask, (the 
compound is called chloride of ])otassium.) 

239. Properties. Oxygen exists in the form 
of a gas, is a little heavier than air, one pintt of 
it weighs about ten grains, while the same mea- 
sure of air weighs about nine : it is transparent 
and invisible — slightly absorbed by water, has a 

339. Dudcribc the proi>eriies of oxygen. 

* The toachcr should here practise before his class by pouring gsi or 
common air from one vessel to another, explaining liow the receiver icu 
be filled with and inverted in Uie water or the trough, and the wateralffl 
remain in the receiver, the cause ef which is the pressure of tlie alBOt* 
pherc. 

t The measure, pint, quart, &c., will be frequently used in refereoM 
to gasses, because the terms are more readily comprfbended. than t|M 
qoantitiet repreiented by cubic inches. 
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powerful attraction for most bodies, combininjr 
with them, and causing that appearance, ge- 
nerally denominated combustion; hence, it is 
said to be a supporter of combustiofi. The pro- 
cess sometimes takes place at the ordinary tem- 
perature ; as, when iron is exposed to damp 
atmosphere, the oxygen of the air unites with it, 
forming a red crust, called the rust of iron. 

240. In every case, where oxygen combines 
with any other substance, the process is called 
oxidation; the substances (such as the iron) 
are said to be oxidized and the compounds 
are either oxides or acids. ^ 

241. All bodies that burn in open air, bum 
with far greater brilliancy in oxygen gas. 

Exp, 1. Having filled a common wide-mouthed vial, of th« 
cap|acity of a pint, as directed in the experiment (238) for pro- 
cminff oxygen, immerse in it a lighted taper ; it will burn with 
greatfbrilliancy — now blow out the flame. Having removed th« 
taper from the vial, again immerse it, and if there be the least 
■park of fire on it, the taper will rekindle with a slight explo- 
sion. 

S. Having filled a vial of the same size with fresh gas, 
and attached a fragment of charcoal (made of the barkof souie 
hard wood, such as hickory or maple) to a piece of wire, light 
the charcoal and plunge- it into the gas ; it burns with splen- 
dor, throwing out brilliant scintillations ; but the combustion 
soon diminishes, and if no more oxygen be added, ceases entirely. 
If we now examine the air in the vial, we shall find it to be the 
well known substance called ^a:e<f air^ or carbonic acid^ which 
is a direct combination of carbon and oxygen saa, 

3. Iron, which in air only burns at very elevated tempera- 
tares, needs but a red heat to burn in oxygen, with a light 

S40. Describe th« terms oxidation, nxidized, oxide and acid. 

84L How do bodies burn in it?— Describe the experiment with the U- 
jMr.— Describe the experiment for burning charcoal.— What i» the pro- 
duct 1— Describe the experiment with iron wire and tbo product^ 

11* 




wUchia afanoit u daafing lal k- 
mfTRrable to the eje, am the niD Ut 
_ A fainl reprcKntatioD of it ii piw 
, in the &iran. A piece of fin« am 
Hire B{jirally twuted, ii intndned 
Uiioiigh the cork a of a. bellgUaM 
u mirfilleil with ozjjpn [U- "^ 
ill I ma eni of tbii wireii ttUtM 
n fiirre of thread, touchod with mt 
pbur, tD lenile the wiie in tbtU 
inuance As Ibe gas is a little h» 
tier thnn atmospheric air, ita Mnp 
or miiing with the atmoipheit, ■ 
preventfa by placing the rceaT* It 



e same experiment, then Ihi 

glob'ulej of niched wire, wlucb drop duriog tba DtocM 
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of comliuition, wouldmcit tbe^ue,or ifihe bottom __ 
■el be thin, (o>e a hole through it without bretlung the 
The product in this cue n an oxide of iron. 

Obt. The oiidoof iron, formed by bumii^ the metal inslT- 
gen gas, dilTcrs from common iron raat, nhich is alao an oiiM 
ofiroQ, only in Iho relative proportion of the ozjgen. Inil 
caacs, thercibre, where there aie two oiidea of tbeaameNh' 
■tancp, that which contoma the amallest proportion of oljpo 
U called the protaxidc (tiiet oiidc) and that nhich contUN 
the targmt propoition is called the peroxide. Thus the btwt 
gloliuk* formed In buriiing|iron wire in the oaa, form tbt jn«- 
oiiJi TV hill coujni m irun rust Is the peroiide. 

'^T 1 Fill the JaTreprcEcntedia thewood 

I irhoi^gen, and plunge into it acop- 

I I Ik suspended by a copper wire, um 
I Jiiing a little snip huT, previously kin- 

~~ ' I I holding It in the Same of a lamp. 

~ I I I irneof the sulphur will be very mvat 

I I I I and exceedingly splendid. On el- 

-> r jjiJii„ thtcontenlBoflhe jir.wefindthit 

^^l^^^^^^hia luriiied an acid ; thia is proved, Sni ij 
^■Mi^BB^^^ts sour iBBte and secondly by its chaniilg 
Vegetable blooi to red (See S2J Eip, 1,] This ii illustraUd 
wpennuottllylfpounDgmtatliojar, before bamiag tluat- 
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plmr, a little Uae cabba^ wtter, whidi, by agitatioii after tha 
•zperiment, ^11 become a bright red. 

jErp. 5. Fill the jar used in the last experiment with the gai, 
and pd^ in a little of the vegetable blue ; and having wiped Uie 
ladle perfec^y dry, put in it a piece of phoephoras, aboot the 
tdbee of a pea, and depressing the ladle into the middle of the jar, 
touch the phosphorus with a heated wire, it will immediately 
inflame and bum with a most intense li^ht. Now agitate thfe 
jar. and we shall find the vegetable blue has been changed to a 
lea, showinff that an acid has been formed. 

Exp. 6. Fill the jar again with the gas, and add the vegeta- 
ble Uueas before; novi^ substitute for the phosphorus (having 
wiped the ladle perfectly dry) a piece of metallic potassium of 
the size of a pea, depress it into the jar, and apply the red hot 
wire as before mentioned, the potassium will bum with a bril- 
liant white flame. Agitate the jar, the vegetable blue will be- 
coijie green, showing that an alkali has ^en formed by the 
combination of the oxygen in the vessel with the potassium. 

S42. Jp. each of the above experiments, the 
product of the combustion was either an oxide 
or an acid. 

Miut. Thus, the sulphur, charcoal, and phosphoms, formed 
^teUU, while the iron and potassium formed oxides. The first 
was an oxide of iron, the second an oxide of potassium, com- 
monly called potash. It is also called one of the fixed alkalies. 

243. In all cases of combustion in oxygen, 
the gas combines with the combustible body, 
and consequently the product is increased in 
weight by the process. 

JUtut, Thus, the iron, the potassium, &c., have increased in 
weight by the combustion, precisely as much as the gas has di- 
minished. 

244. If oxygen be suddenly compressed, it 

S43. What is tbe product in all the preceding caaes/ of combustion 1— 
lUiutrate it. 

343. How is the weight affected, and what is the proportion of the va- 
ilationY > _ ^ . 

844. What is tbe efibct of comprewion on oxygsn 1— What experiment 
isttftnedtol 
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Kip. 3. Fill a tall nal or a fflaaa tobe, asaled 
eallj at one end, or dond with a cork as aeen 
cut, procure some metallic antimony and met 
and pulverize them : these when thrown into 
take fire, emitting brilliant sparka. 

4. Into a jar of the ^aa plunge a piece of 
cently dipped into spirits of turpentine ; it i 
sponlaneously if the gas be pure. 

§. Copper as well as gold leaf will fire sp 
in chlonne gas. On immersine the metal sudd 
^ gas, the two will unite with a flash of light, an 
^Hof gold or of copper will be formed. 
^0. One of the most useful and therefore most vali 
ties of chlorine, is that of bleaching, by which anin 
table colors are removed and destroyed. This ma^ 
ed by immersing a red rose, or any other colored 
the absence of these a green leaf, previously mois 
vessel of the sas, and in a few moments its color 
charged. Calico may be substituted for the above 
7. The bleaching properties of chlorine, may b 
lustrated by pourihi^ a little of the water that 1 
chlorine into a solution of blue cabbage, which ^ 
ately become colorless. 

263. Dry chlorine has no bleachin; 
moisture is always necessary to produ 
feet. It is known that muriatic acid 
formed in this process, and it is suppose 
water is decomposed, its hydrogen uni 
the chlorine, forms muriatic acid, anc 
gen with the coloring matter, decomp 
thus destroys it. 

254. The application and uses of el 
destroying noxious and pestilential e£ 
now a fact generally known. It was d 
by Guyton Morveau, a Frenchman, an 

S5S. What effect has dry chlorine, and what the moisture 
354. What la said of noxious effluvia and tjie discovery of 
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f him to purify the foul air in the wards of 
ospitals. 

255. It is supposed to act in the same manner 
n contagious effluvia ; hence the chloride of 
me or bleaching powder is now generally used 
rhere such diseases prevail. 

JUust. Thus in cholera, iiiDaU-p«x, &c., the chloride of lime 

pot ia TeflBeb, and distribatra about the dwellings. The 

ilorine slowly separates from the lime, coming in contact 

ith the noxious va^rs or effluvia, and thus is supposed to 

loompose them. This process is called disinfection. 

254. There have generally been described in 
le books four combinations of chlorine and 
xygen, constituted as follows : 

vMo^de of Chlorine composed of 1 atom of Chlorine snd 1 of Oxygen, 
irozide " " 1 " " 4 " 

iloricAcid *« 1 " '< 5 " 

vcliloric Acid " 1 " " 7 « 

Obs. The uses of the terms prot and per are the same hero 
I described in the observation of Exjp. 3d (241). Protox- 
le signifies the smallest combination of oxygen in the oxides, 
id peroxide signifies the highest ; and in the same manner 
vrehlorie aeid signifies the liighest combination of oxygen 
ith chlorine in the acids of these two elements. 

255. Late experiments render it propable that 
le compound called protoxide of chlorine, is a 
lere mixture of the peroxide and pure chlorine. 

256. Peroxide of Chlorine is a bright yel- 



SS5. How does it act on coBtarious effluvia f — Give tlie illnetration. 

S54. How many compounds of oxygen and chlorine— And what ia their 

■npoeition 1 — Define the termBprot andj^tr, as used here. 

855. What remark of the protoxide? 

896. Describe the peroxide of chlorine, how procured 1— What experi- 

nt Is made with it)— Give the rationale of the formation of theperox- 

t of dUorine. 

Id 



I 



ric acid, fresMv prepared according to the ab 
and the whole will burst into flame and bam 
bj the acco.Tipanyinj; wood cat. 




Exp. 8. Pour some of the acid upon dry and w 
it will take fire and throw ofl" brilliant sparks. 

3. Having put some of the acid into a sn 
■et it in some place where there will be no dangei 
pkinon, aaitf throw into it a piece of phosphorus i 
of a pea, and quickly retire into another part ol 
violeot action takes place between the materials, 
in aboat a half a minute the whole explodes throw 
in every direction. 

CHLORIDE OP NITROGEN 1 

321. Nitrogen and chlorine combi 
proportion only, forming an oily liquid 
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AMMONIA — 17. 



322. Ammonia in a pure state is a colorless 
gas, composed of one atom of nitrogen and 
4hree of hydrogen. It is known under various 
names such as hartshorn^ volatile alkali^ alka- 
line air J &c., but the most appropriate name is 
ammonia^ so called because first found near the 
temple of Jupiter Aminon. It is the escape of 
this ^s from the various compounds containing 
it, that produces the odor in the common smell- 
ing bottles. 

Oba. The little bottles sold hy tiie ciruggi»ta and perAinMn, 
ander the appellation of Preston aalis^ consist of notoing mort 
than the materials for liberating this ^as very slowly and mixed 
ynth essential oils. 

323. Preparation, Ammonia is easily prepar- 
ed by putting into a f orcuce flask equal mea- 
sures of pulverized quicklime and sal ammoniac, 
so as to ^1 about one third part of the vessel, and 
applying the heat of a small charcoal furnace, or 
achaflng dish of coals as represented in the figure. 



33S. What is ammonia, and what Iia imines?— What arc Preston salts? 
90. How is aiaip«aiaprei»ared?— What !» the sfcond mctUod? 



14* 
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j/ivt/»i-; <:,»iir 51.;.'- il>.o for co.lccsir*^ the 
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n 'SM. I'rnpfirtifss. Pure ammc 
'11 r.«ilo/l«!';:j tf;i.s, of an exceeding 
fiiwl |M-!niiiiiiiiij.^ o/lor, vvJiinh jiowerfiilly ir 
lilt'. f.yi-.M, |iii»iliniri;' II r!<)|)irius flow of teai 
lirtts fi rjliiiiji mill l»iirnin<; tiisto. When 
into ilii-. liiii^M. tu'i'ii niiM'li (Jilutcd with ; 
I'lniliitiii M n«'ii.'"* of MiU'oration. An a 
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immersed in it dies almost instantly. It will 
extiiigfuish burning bodies immersed in it, nor is 
the gas itself inflamed by them. It is, however, 
inflammable in a very low de^ee, for the flame 
of a taper, when immersed in it, is enlarged and 
tinged yellow before being extinguished. In 
pure oxygen, a jet of anunonia bums with a 
Drijght yellow flame. 

326. Ammonia is rapidly absorbed by water, 
so that it is impossible to collect it over that 
liquid. One pint of water will absorb 700 of 
ammonia. 

JE^xp. 1. The absorption of the gas majp be illustrated by in- 
Teiting, in a basin of water, a long glass tube, closed at one 
end, and filled with the gas oollectM over quicksilver. On 
openine the tube under water, the liquid will rise in it onlj a 
ftw inches ; now close the end of the tube very firmly with the 
thamb, or the palm of the hand, and, removing it from the ba- 
win, invert it so that the water contained in it may run to the 
opposite end and moisten the whole length of the tube, and on 
re-fipening it under water, (if the gas be pure,) it will instantly 
be nlled with the liquid. 

2. Substitute a piece of ice for the water by pladng it under 
the mouth of the tube when filled with the gas, and standing 
over quicksilver ; the ice will absorb it nearly as rapidly as the 
water. 

326. Ammonia changes vegetable blues to 
green, and hence it is called an alkali. 

Exj). This may be illustrated by substituting for the water 
used m the last experiment but one, a solution of blue cabbage . 
This on ascending into the tube will be instantly changed to 
green. 

385. What is the action between thto gas and water 1— What experiment 
la referred to 1— l>eacribe the 3d Exp. 
826. What efflsct has ammonia on vegetable blue 1 
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JUvrf. A slii^tdegrae of friction, as tluU wl 
tAt with a piece of pbosphc 



_. piece of phosphorus between two fa 

paper, will be sufficieut to show the experiment. 

445. Sulphur requires to be heate 
600°, and oil, or coal gas cannot be inJ 
any temperature short of that commiin 
flame itself; even an iron wire heated 
ness will not set fire to the gas. 

446. Flame may be considered as 
gaseous matter ; in other words, it is < 
of exceedingly minute particles of vap 
to whiteness. The temperature of fla 
at all in proportion to the light, for in i 
of hydrogen the light is so leeble as so 
be perceptible by daylight, yet its tempc 
such as would heat solid bodies to w 
which is proved by holding in it small 
fine iron or steel wire, which are even i 
the flame. 

Esp. The experiment may bo varied by sprink 
flame some finely powdered chalk, or calcinil magoi 
causes the light to be very much increased. 

447. The luminousness of the flam 
last experiment was derived from the m 
the fineness of whose particles resembles 
deenree that of the ignited carbon difiiised 
ordinary flames. When the magnesia 
no combustion takes place, and no pei 
change, but the lifirht results from the 

445. What remark of sulphur and coal gas? 

446. Define flame and the relative proponion of heat and I 
the eiperiment. 

447. How oan tb« lummousnesi of flame be explained 1~ 
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{jDwer of the flame, which is actually cooled by 
die solid particles being thrown into it ; hence 
(here is no rep^ular proportion between the light 
and heat emitted by flame. 

448. In the flame of tallow, wax, oil, and 
coal gas, the brilliancy of the flame is owing to 
finely divided charcoal intimately combined 
with| and forming a part of the combustible sub- 
ttance. During the combustion, this charcoal, 
t^afbre in the state of an invisible gas, is sepora* 
tad from its chemical combination, and precipi- 
Med in the flame in the form of exceedingly 
Hsinute particles, which, being heated to white- 
ness, produces the luminousness of the flame. 

449. Imperfect flame arises from two causes, 
«n excess, or deficiency of carbon ; if there be 
an excess, the flame will smoke, as in the com- 
l>ustion of rosin, spirits of turpentine, inferior 
oil, &;c. : if there be a deficiency of carbon, it 
will give but little light, as in the flame of hy- 
drogen, and spirits of wine. 

MBnut. Hence, by adding to spirits of turpentine, as much 
rfpiiitB of wine as will afford sufficient carbon, it will produce a 
•onuw white flame. This is the s{)irits of turpentine mixture 
jKyw extensively used instead of oil, under the name of Jen^ 
miiigt^ patem mixture. 

J&9, The advantages of this mixture over oil are, that the 
'widL never requires snuffing. The lamps are cleanly in their 
appearance, and continue to burn until the last drop of 
liquid is expended; the brilliancy of the flame continu- 
ing nearly the same to the last. One of the disadvantages 

448. What is said respecting the brilliancy of flame, and how is it •©- 

**4«». What are the causes of imperfect flame?— Give the illusuatieii. 

18 
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tin, and is so soft that it may readily be knead- 
ed in the fingers, and is considerably lighter 
than water. With a fresh surface it has a strong 
metallic lustre, but is instantly tarnished by ex- 
posure to air, exhibiting at first a bluish cast, 
like that of a recent cut surface of lead, and is 
afterwards covered with a white crust, which is 
pore potash. 

603. Potassium has a powerful afllnity for 
oxygen, and will take it from any other com- 
pound that contains it. 

lUuat. When thrown upon water it decomposes that liquid 
moving over its surface with rapidity and combining with both 
ito coDStitaents with the phenomenon of combustion, accompa- 
nied by a beautiful rose-colored (lame. The oxygen of the wa- 
ter combines with a part of the metal, forming an oxide (potash) 
which is dissolved in the water, while the hydrogen takes up 
another portion of the metal, forming a gaseous compound 
called potaasiuretted hydrogen, which inflames spontaneously 
when It comes in contact with the air, and burns with a rose- 
oc^ored flame as before mentioned. 

504. Oxides of potassium. There are two 
combinations of potassium with oxygen, the 
protoxide or potassa, which is composed of 1 
atom of each ingredient^ and the peroxide, com- 
posed of 1 atom of metal to 3 of oxygen. 

POTASSA. — Potash, — 48. 

605. Potassa is a white crystaline solid, and 
is obtained in a state of purity only by burning 

503. What is said of its affinity for oxygen ?— Give the illustralion. 

504. Describe tliexonipounds of potassium and oxygen. 

00$. What is potassa, and bow does ttie article difnyfi as differently pce- 
pved^-Hxive tbe substance of ttie observations. 



' ' f . 663. It is not oxidized by exposure 

i isquite malleable, and is rolled out into 1 

■ • " ^ 5- called tin foil, which is extensively u 

J : arts. It is used by dentists in plug^n 

teeth. 

664. Tin may be distinguished fror 

metals by giving^ a peculiar cracklj 

when bent. It melts at the temperatuj 

and when heated to whiteness in the 

it takes fire and burns with a splen 

flame, producing an oxide of this met; 

666. Tin is most extensively used i 

in combination with other metals. U: 

lead, it forms solder, used by the tin \ 

soldering their vessels. Common tii 

made of plates of sheet iron covered \^ 

: coating of metallic tin, prepared by di 

sheets of iron, previously cleansed, ii 

tin. This is sometimes called block t 

666. Copper tea kettles and other ve: 
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prepared by first cleansing the surface of the cop* 
per and then melting the tin in the vessel, a thin 
coating of which will adhere to the copper, and 
the rest, in a melted state, is poured off. 

567. Block tin vessels, such as tea-pots, coffee 
urns, &c., are tin, containino^ about five or six 
per cent., of brass and a small quantity of metal- 
lic antimony. The articles are cast in copper 
moulds, generally in pieces, and afterwards sol- 
dered together and polished. 

668. Britannia ware is made of the same ma- 
terials as the block tin ware, except that, for the 
brass used in the block tin, copper is here substi- 
tuted. The articles are formed by first casting 
the metals into thin sheets, and then beating^ them 
up into the desired forms by hanmiers and other 
instruments. 

669. There are no mines of tin which are 
wrought for obtaining the metal in the United 
States. It is chiefly imported from the mines of 
Cornwall, in England, or from China and the 
East Indies. 

670. There are two oxides of tin, the prot- 
pxide and the peroxide. The latter is a pale 
yellowish powder, and is used in the arts, un- 
der the name oi putty of tin, for polishinff me- 
tals, and when melted with red lead It forms 

587. What is the composition of block tin vQBselB, and how are theymade? 
968. Describe the britannia ware, and how is it made 1 
560. What are the sources of tin 9 
<« 970, Wl»t la laid of the oitides of Un, and to what iiaea are ihey applied t 
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QSiC Inunmae qnantitieB of thu 
en^doyied in tlie artsj iQ th6 manaia 
xjws liaffoL and oroaaaeolal article 
ift JSfPMerally alloyed with silver o 
iriOlrboth. 

'hile tiMMe of fold and .copper have a reddUf 
|llt eqlbfidd olothfiiginoeh le« than the ^«ll 
gM e^d of the United Sfatee U edapoeed 
w«ig|it oCguld, and 1 part of an aUnjr of eil 
heaof the ooin !• -^ atlojr, or S parte in 94. 
' ^ 'The Bttenee* of gold U ezproMed in ear 
eitm d^Mm eome iiart of S4. Tbue an alloy 
ftftK<«wgeM and IS of copper or eUfer, is 






eiMt dyidleB eome iiart of S4. Tbue an alloy 
ftftK<«wgeM and IS of copper or etlfer, is 
^a^ata-flne ; 18 of gold and 6 of copper forms 



18 carats fine; 23 parts uf gold and 2 of alio, 
pound that Is 22 carats fine. Tbe last are the pr 
constitote the coin of the United States, and 
alloy that is generally wroQjght for the purpoe 
chief object in the combination of other metals 
render tne compound more durable. Gold alon 
nees, would wear away too rapidly. 

636. Gold is extensively emplo 
processes of gilding, of which tiier 
Those in most general use are t^ 
€smalfamai%otiy generally called wa 
and that by means of gold leafj < 
for gilding on wood. 

634. What It said of the usea and applications of th: 
tiM ttrm carat explain«d f 
€39. Dfsoribs tiM prooswes of gilding 1 
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9Bu9t. 1. Water gilding is performed by putting leaves of pure 
Md in qufcknker, heated nearly to the boiling point ; thif 
forms the amalgam. The article to be gildrd is made perfectly 
idean, is then covered with the amnlgam, and the mercury eva- 
porated by means nf a charcoal fire. A thin coating of gold 
wUl be found covering the metal, and is afterwards burnished. 
It is thus that buttons, watch-cases, jewellery, and all kinds of 
gilt ornaments are prepared. 

9. Gilding on wood is porformrd by first priming the article 
with aeveraicoatings of linseed oil, whiting, and glue water, 
Ihrn covering it with gold sizing, ui)on which the gold leaf 
besnff placed readily adheres. This kind of work cannot be 
tmrnished, brt may be cleaned with a soft brush and water. 
The above is the method of gilding signs, picture frames, &c. 

636. There are two or three oxides of gold, 
but they have no uses in the arts, and their con- 
stitution is not perfectly settled. 

Ohs, There is a compound called the purple of CcisstiM, 

which is prepared by adiimg proto-muriate of tin to a dilute 

■olution of gold in nitrn-muriatic acid ; a purple precipitate falls 

lown, whicii is found to l*e composed of peroxide of tin, water 

ind gold. This, when mixed with pi)unded flint glass and 

aseif, forms a purple enamel, which is employed to give the dc- 

cate pink color to china ware. 

637. Chlorides, Two or three chlorides of 
)ld have been described by chemists, only one 

which has much interest in a practical point 
view, namely, that which is formed when the 
tal is dissolved in nitro-muriatic acid. 

ha. If this solution be agitated with sulphuric other, the 
e of the guld will be taken up by the ether, forming what 
leen called the ethereal solution of gold^ which is some- 
used for gilding on steel. 

p. Having prepared the solution according to the above 
ons, a lancet blade, or any other polished steel, on being 

Vhat is said of ihe oxides of gold ?— DescrilNs tlie purple of Casiius 

'se. 

escribe the cblorideSf tbe ethereal gold, and Its use. 
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(')79. Carbonateof Polassa — Pearlash. Th» 

is an extensive article of commerce, and is much 

iis(?d for domestic purposes, especially in the 

risinu: of bread and other like compounds, ft 

was formerly called salt of wartnwoodj salt (if 

tartar, &c. 

Ohs. It is proparcd by heating in lar<rc oven shaped furnaflci 
the common or cruJo iM)tash (de»cribti! 505,) by which procM 
thi* carlwnir. acid fonned in the combustion, coinbinpfi viib the 
l)t>tassa, and ihc colorinjj matter 18 burnt out leaving itof a 
])carly whilciuss, and hence llic name pearlash. 

()80. Bicarbonate of Poiassa, celeratus sal- 
aeraiHS. This is formed, by saturating the 
carbonate with carbonic acid, by which means 
another equivalent of acid is combined with 
tliopotassa. 

(ihs. The commercial article reecnd^les the pearlash iu ip- 
j.ejvraiico, and is usid for tlitt same iiurj:K)scB. In domestic us*^ 
( •^(•ofuilly in risinj: broad, it is prcftTablc to pcarlasii, b«H:auseit 

ci)iit;iins twice as niucli carbonic acid. 

081. Carbfuate if Soda, is a crystalline salt 
obtained from barilla or kelp. (511)) or from the 
drcomposition of Glaubers cialt, and is consider- 
ably used in the arts and for domestic purposes. 
It is aliio used in preparin<y the 

()82. Bicarbonate of *Soda, In commerce, 
this article is more frcncrally called suprrcaroo- 
natc. It is used in Drcparini^; soda powders, and 
coutainud in the blue paper from which the fi[as 

• T'.V P: i-''\ i'.r t'.u? cfti l)on:.t;- .d" potafisa, its u>cs and iifepnruiion. 

(W'J. l)(;:ciibj the hi:':i:bri:.i:tc of j)oia.-s;i, i:s n;;uu;s, prc'para:ioD ai^ 
usrs. 

«W1. l)(><rriho the rntrbrnnte f>f s(»da, its preparation and iiset. 

C l. DcEcrjh? tho hfrnrbonatf" ofijoda, it4 naxues, preparation and uMk 
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{capes in the effervescence The white paper 
>utains an acid called tartaric, which, displacing 
16 carbonic, unites with the soda and forms tar- 
ate of soda. 

683. Carbonate of Lime, This is one of the 
lost abundant of all mineral substances. It is 
30wn by the names, lime stone, chalky mar- 
te, &c., and is always formed where lime is ex- 
>sed to the atmosphere. Carbonic acid, which 
institutes nearly one half the weight of the 
irbonate, is expelled by a red heat, and quick- 
me remains. 

Oba. The oses of marble and limestone, in building and 
akiog lime, are so tvell known , that no expIanatiooE are ne* 
ssary. 

684. Carbonate of Magnesia is sold by the 
ruggists and apothecaries in little cubical cakes 
r lumps, and frequently called white magne- 
\a. It is chiefly used in medicine. 

685. Carbonate of Lead, White Lead, Ce- 
ise. This article is extensively used as a pig- 
tent. It is formed by exposing sheets of lead 
> the action of the vapor of vinegar and carix)-' 
ic acid mixed with air. The tliree ingredients' 
^ necessary to the successful manuracture of 
IIS article. ^ 

— -„S ^ 

in. Deact^ Uitt carbohate of lime, its names, sources, and uses. 

B84. Destft^H^ garbonate of ina|nei»ia. 

185. DescitMMHb carbonate of lead, its names, uses, and preparation. 



>^' 
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FULMINATES OR CYANATEfiT. 

686. We have before mentioned (4 
fulminating mercury and silver as con 
of the cyanic acid, and the oxides of tli 
tals. The composition of the cyanic aci 
yet fully settled ; most chemists regard 
compound of cyanop^en and oxygen, 
others enumerate hydrogen as one of 
ments. As its composition is still so: 
doubtful, it has been proposed to couti 
name/u/mintc acid, first applied by Lie 

687. Fulminate cf Mercury is the cei 
compound of which torpedoes and cracl 
made \ it has the appearance of a fi^rayi: 
der, butj'when closely examined, is fouuc 
sist of fine crystalline grains, which exp 
a slight degree of heat or friction ; whei 
with oxide of tin and starch, it is use 
priming powder for fire-arms. 

688. Fnhninate of Silrer is a coi 
analagous, both in its composition and 
ties to the preceding one, but far more 
ous to manage, from the readiness wit! 
it explodes from the slightest friction 
It consists of fine grains, having the app 
of fine white sand. It is chiefly used 
poses of amusement. 

(^H7. What is said of iho fislrniuale of mercury 1 
6^. Wliai is salJ uf the fuluiinate ofaiivcr ? 
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FERROCYANATES. 



689. Ferrocyanates are compounds of ferro- 
eyanic acid and a salifiable base. These com- 
pounds were formerly called ferroprussiates ; 
they are complicated in their nature, the ferro- 
cyanic acid being composed of cyanogen, hydro- 
|ren, and metallic iron. There are only two of 
these salts used in the arts. 

690. Ferrocyanate of Potassa, formerly 
called triple prussiate of potash, which name 
is still retained in commerce and in the arts. 
It exists in flat, lemon yellow crystals, pre* 
pared by heating pearlash and iron with animal 
matters, such as dried blood. The salt thus 
formed is dissolved out by water and crystallized. 
It is chiefly used for preparing the prussian blue. 

691. Ferrocyanate of Iron. This compound 
has been long known under the name of prus- 
sian blue. It was discovered by a manufac- 
turer of colors, at Berlin, in 1704, and is pre- 
pared by pouring a solution of ferrocyanate of 
potassa into another of the sulphate of iron. 

JExp. Prepare a solulion of ferrocyanate of potassa, and 
tben dissolve a little copperas in water and mix the two liquids, 
« deep blue precipitate will be formed, which is the prussian 
Moe. 



689. Describtt the ferrncyniiates- 

000. Describe the ferrocyanate of potassa. 

COl. Deiciibe the ferrocyanate of iron and the experfaacntv 
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CHROMATE8. 



I 



692. Chromates are combinations of chromic 
acid with dijfferent bases, and chromic acid, as 
we have before shown (610), is a combination 
of metallic chromium and oxygen. Nearl7aD 
the combinations of chromium are colored, and 
many of them are used as pigments, and highly 
valued, both for the brightness and durability of 
their colors. 

693. Chramate of Potctssa is a lemon yellow 
salt, and often called yellow chramate^ to dis- 
tinguish it from the one next to be described. \ 
It is prepared from a native ore called chromate 
of iron, by heating it with nitre, and dissolving 
out the chromate of potassa by hot water. 

694. Bichromate of Potctssa, often called 
red chromate, KTQ flat crystals, having an ex- 
ceedino^ly rich red color, and consists of two equi- 
valents of acid and one of the base. 

695. Both chromates are extensively used in 
calico printing, and in dyeing. 

696. Chromate of Lead — chrome yellow. 
This compound is familiarly known in com- 
merce and in the arts as a paint. It has taken 
tlie place of the king^s yellow and patent yel- 

G92. Describe the clironiates. 

693. Describe the clironiaie of potassa. 

694. Describe the bichromate, and the uses of both. 

695. Wlial are the uses of the chrorances of potassa 1 

696. What ia said of the chromate of lead^ its uses and preparatioDl-' 
What is the experiment 1 
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low, which were formerly almost the only arti- 
cles used for that purpose. It is prepared by 
|K)uring the solution of chromate of potassa into 
tmother of sugar of lead. 

Exp. Pour a solution of sugar of lead into one of the yellow 
c hromate of potassa, the chromate of lead will be precipitated 
111 a beautiful yellow powder. 



d6 
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rKOETABLE CHEMISTRT. 

General Remarks, 

697. The co f vegetable and ani- 
mal substances t hat department de- 
Doniiuated or^ai ry, to distinguiah ii 
from that which we ■ thus far considered, 
and which constitutes i/. ante chemistry. 

698, 1. TegelableB a uiimals are distin- 
guished from all )stances, by having 
the principle callec 

3. They ate neanj mposed of the same 

elements combined in ameient proportions. 

3. They are all decomposed by a red heat 

4. They cannot be produced by art. 

099. The necessary iugredients of vegetables 
are carbon, hydrogen, and oxygen, in addition 
to which some contain nitrogen. These ingre- 
dients constitute the ultimate elements, and 
iheir separation from each other constitute! 
-what has been called ultimate analysis. 



a aidlyfdi end ulUiaUfl o 



PHOXIMATB TEOETABLB PRINCIPLM. S99 

700. The elements of vegetables are so com- 
bined in nature, as to constitute distinct and defi- 
nite compounds, which exist already formed in th« 
plant, and are denominsited proximate princi- 
ples, 

UltLsL Such are sugar^ starchy gT^wi, &c. Wheat flour, 
though obtained from a vegetame, is not a proximate principle, 
but it is composed of two, namely, starch and gluten, or vege- 
table glue. 

In our remarks on vegetable chemistry, we shall be chieflj 
occupied with a description of its proximate principles. 

PROXIMATE PRINCIPLES OF VEGETABLES, 

701. The constitution of vegetables has not 
yet been suflSiciently determined to admit of a 
purely scientific classification. We shall ex- 
amine them in the following order : 

1. Those proximate principles which contain 
more than a sufficient quantity of oxygen for 
converting all its hydrogen into water; these 
bodies have an excess of oxygen, and constitute 
the vegetable oils, 

2.^ Those principles that have an excess of 
hydrogen, and are of an oily, resinous, or alco- 
holic nature. 

3. Those where hydrogen and oxygen ate 
in the same proportions as in water ; such are 
sugar, starch, gum, and woody substances. 

4. Those which contain, besides the three 



70a What is said of proximate principles, and how is the subject ilim- 
7D1. What Is the classification of the proximate YegettbleprinciiMs 1 
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elementB notioeSin the ttat paragraph^ mtupgen 
as one of tfaeu ikffiedieiits ; this wnsiaa ooQ- 
stitutes the daM oTrabatances denominaled m- 
getahle alkalies. 

5. Those principles which do. not, as fii ai 
we know, belong to either of the above classes; 
such aie coloring molteri ^oniitiii yea^ A/o, 



CHAPTER L 

YEOETABLB ACIDa. 

These may all be obtained in crpHtk^ 
common temperatures. {..j 

702. Acetic cund exists in tbe. BfVff of min 
plants, is formed in the destructiye distBlatiflB 
of many vegetable substances, and constJInUP 
tlic acidifying principle of conomon vin^nr. S 
is largely us^ for domestic purposes, amindM 
manufacture of sugar of lead and white lead 
The compounds of this acid with bases^ aie 
called acetates. 

niust. Thus sugar of leafl iff the acetate of lead; ^nsSpf 
is the acetate of copper. 

703. Oxalic acid exists ready formed in se- 
veral plants, especially in the leaves of common 
sorrel, and also in those of wood sorrel, in com- 
bination with potassa, constituting the binoxa- 

"iO-i. Describe acetic acid, itg sources, oses, and GomMnatioai. 
7U3. Describe oxalic acid, its sources, preparation, aad 
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late. It is formed artificially by heating sugar 
or molasses with nitric acid, and is much used 
in cleaning brass and other metals. It is a 
powerful and fatal poison. 

704. Tartaric acid exists in the juice of 
many acid fruits, in combination with lime or 
potash, such as the tamarind, the grape, &c. 
Combined with potassa, it forms cream of tar- 
tar^ which is the bitartrate of potassa. 

lUuat. This salt exists in the crude state on the sides and 
Ix^tom of wine casks, where it is deposited from the wine, a 
■oarce whence all the cream of tartar and tartaric acid of com- 
merce is obtained. This acid, in the state of powder, is ex- 
tensively ased in the manufacture of soda powders. Rochelle 
salt is a tartrate of potassa and soda. Tartar emetic is the tar- 
trate of antimony and potassa. 

705. Citric acid exists in abundance in the 
lime and lemon, and has an agreeable flavor. 

706. Malic acid, from malu7n, an apple, ex- 
ists native in that fruit, as well as in the orange, 
gooseberry, currant, grape, (fcc. The flavor of 
most fruits is owin^ to the presence of citric, tar- 
taric, and malic acids. 

707. Gallic acid exists in the nutgalls 
which grow upon the oak, in consequence of 
the puncture of an insect that deposits its egg in 
the spot, and the youns; insect is found in the 
centre of the nut. It exists also in the bark of 
many trees, in the tea leaves ; and with tannin 
and sulphate of iron forms ink and black dyes. 

704. Describe tartaric acid, its sources, uses, and preparation. 
703. What is said of citric acid 1 
706. Wtaat is said of malic acid 1 
107 Dflserlbt gallic acid, its sources and uses. 

26» 
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7"^. Benzoic arid ex^ns in the a^nm called 
. " z-'in, nnd is used in many medicinal prepara- 
>. It fionsiamtes the peculiar aromatic taste 
■. ■; "ior 'H it^rn w*prii\ 

*\*. K'nir s'»metimes called qninic acid, 
■< n ."jeniviar. bark in combination with lime 
.■I'li.n^r the ki Utile ot lime. 



I 
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CHLVPTER n. 

» Sj: PllINCIPLES THAT HAVE A^C EXCESS OP 

''■'. *)iLs ar« oharaciLTized by a peculiar 

■uiiu:> itt'i. :iiilaininabilir\-, and by their iaso- 

iv u \v:iU'r. Tliev are either fijr*:d or vo- 

isv "I'lviir* •j:\yi A peruianeritLy irreasv 

•Li.v :•. v'l.li' "iie !;iii« ;*. .::*-u:j:i rhoypro- 

-;;..[! ( ■ ni; iJMippeai^s ':y ;ieiirle litat. 

■'■.■•'/ I / IS \ :■■■-' : ; > iKi 1 1 \: « .m: tai nod from iht 

- ■ '.aiii>. :;:■:;: j:^ ^iio almond, iiaxsecd- 

. -»•.■!. vv.".. ' ::'.'.' ^tJV'j or swe*.'. Oil. isob- 

■ : "■ V •■':■.•. I :.; ^ -.v ■ '. «: ■ i ^ii r rou ucs the stoue. 

■ • ' s. .V ;,•>:;:■;:«:.•::*. aL>orboxyi:er..i'r:- 

^- -MCii ''..uilL a rcLi'ieiioy to becciue <*)lii: 



■' .: '..:■■ ■:.■■■ n ■ : ".i. >i.'. 
. » ..I- ...;. t . ;.'—-■ *c:'..'e uiip :rui iii">w ipt:/3:« 

\ '.ii .'.p' :..•; - II- ' - -ii Ax'ii 'Of. nr.d bow arc Lhvv ai!«cied ^ 
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of which the linseed oil is a remarkable instance; 
hence the vegetable oils, which have this property 
in a high degree, are called drying oils. 

Ob». Flaxseed oil is called linseed from linum, the Latin name 
of the plant. This oil dries rapidly, and hence is a valnahle 
material in painting. The kernel of the hickory nut, butter- 
nut, beech nut, sunflower seed, cotton seed, &c., contain much 
oil ; palm and castor oil are used in medicine, the former ia 
ol^ained from a large species of bean called castor bean, 

712. Volatile oils constitute thepeculiar odor 
of plants, and are obtained by distilling them 
with water, which prevents them from being 
bnrnt. 

lUust. This process is performed in an apparatus called a 
stm. A representation 




of which may he seen in the accompanying woodcut ; in which 
A represents the kettle or boiler containing the materials : B the 
tube for transmitting the volatile matters terminating in a coil 
termed the worm, which is surrounded by cold water in the 

7iS. What are the volatile oili, what their sources, and how are tbey 
obtained ? 



'04 CAMPHOA. 



J 
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•«>.■ t'^. wheiv the liquidc are conderided and (imm 

" .\. V.» 1.11 lie oils have a penetratiner « 
. ■"•d :l\?;u» : tiiey are soluble in alcoh^^^T^ ^ 
■ -, .:tii;v -;i»iiii.>ie in water. ' ^ 

\" ■ :::\ii -Mtli '!)e former, thev constitaie^ 
. .■ ".i:.;ii! vjin in- IniUT. ihov form the various ^* !|y 

'•*iv»r - •. i!*Ari'ii iruif : it cunsUts of aJcohol hflii* 
_ : ^■.- . . u-ij-'t ' '!'"tu' v'ol.aiii* oils. 

.. ■:. K iirpeiHiiie is the most importoitt 
..-.i!..- »iii:. It is obtained by distillinf 
v*m'ii "s :i product of the pine: 
^ iiji'.' :oiniiiou.y called, spirits of 
. > ■ .:inii::td :n the still, audcondcnfled 
vuli' .1 briitle substance is leftin 

l:v.".iii:o :* «'Tteni>ively aaed in the aJt^ 

\.'ir, ::t- umiHi^iiiuii oi* vaniiihea, paiati, fa- 

-.-■«. .-H'vu. icmtenuiiit. caraway and notnMf, 

>><.•-- "'.•iUviit'. U1U j.rc occasioiiallyeiijplojci 

• II iKiay ot its properties re- 
':!i? Kid exists native in the 
':'.p-.iii. viicii is a species of the 
:..■.: -.1 : ! t ' Liiunijf ctimpkora. 

. :•'•.:. »v -<u:iiiinaciun. It ia iasola- 
. .:.•:. ii v'licn state it is mufii 
..-^^ . : r liior It evaporates at »i( 

- \ .• ii;;.^' ■ .Kixiiiua ui insects, WW 

' ■*" •■•'■ .t ;s on*? of the sate<t 

■"< V .iiii-is. i.-.. rrum the artion 



I II 






* «■ 



■.-■^-:tIi:<.. is >rMpai:i[mi| ^aii iws? 
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Qf moths and other troublesome insects daring the warm season. 
AU that is necessary, is to place a piece of cbamphor in the bot- 
t(Sm of a close drawer, box or tiiaiik which contains the article, 
^d as long as any camphor remains, the articles are protected 
ttom insects. 

716. Resins are the dried juices of plants, of 
vhich common rosin is the most familiar in- 
stance. They are solid at common temperatures, 
brittle, tasteless and inodorous. They are some- 
times pure and sometimes contain essential oils 
^Ljod occasionally are mixed with gums, consti- 
tuting what are, called gum-resins, of which 
gamboge, aloes and myrrh are examples. 
1^. 717. Cooutchotic, covaxnoxAy c2i\\eA gum elas- 
tic or Indian rubber, is the solidified juice of 
the Jatropa elastica, and of the Haevea caout- 
chouc, indian rubber trees of South America. 
It is also contained in some other trees. The 
juice has a milky appearance and is blackened 
by drying it over smoky fires, and the same ef- 
fect is produced by long exposure to air and 
light. It is insoluble in water, but soluble in 
ether and oils, and may be again obtained in the 
solid form by evaporating the oil, by which 
means it is applied to various useful purposes. 

718. Wax is nearly allied in its nature to a 
fixed oil. It exists in the pollen of many flow- 
ers. It forms the covering of the leaves of 
many plants and trees, as the cabbage, &c. 



716. What are resins, and with what arc they mixed? 

717. Describe cooutcbouc, its sources, properties and uses. 
7 J 8. What is said of wax and bay berry tallow % 
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oohol, and is formed by distilling that liquid 
witfi a strong acid. The kind of ether takes 
its name from that of the acid employed ; hence 
we have sulphuric ether, nitric ether, muriatic, 
•oetic, &c. Sulphuric ether is most generally 
mad, and consequently best known. 

722. Pure alcohol may be considered as a 
compound of 1 equivalent of olefiant gas, 14, 
md 1 of water, 9; its atom is therefore 23, while 
mlphuric ether may be regarded as composed 
of »8 parts, or two equivalents of olefiant gas, 
and 9, or 1 equivalent of water ; its atom is con- 
ioqaently 37. 



CHAPTER III. 

SUBSTANCES WHICH CONTAIN OXYGEN AND 
HYDROGEN IN THE PROPORTIONS TO FORM 
WATER. 

723. Sugar is contained in ripe fruits, and in 
the sap of many trees, and in the roots of some 
vegetables, instances of which are met with in 
die grape, the sugar maple, sugar cane, and in 
the common garden beet. 

724. Most of the sugar of commerce is pre- 

tU, What may be considered as the composition of alcohol and aulptm- 

lie ether 1 , 

783 . What ia the But^ect of Chapter III, and what are the Mureciw 

tK. What hi theioaice of tbe nigar of commerM, and bow ii M ptv 
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7 :i:«<i iV^m the sngar cane, C Anindo saccharifen.) 
'i y N.^ilin? it down until it u-ill separate on coot 
':;^- iiito tine crystalline grains. 

T'^.i. Molasses or treacle is the thick pan of 
?':>• synip which drains from the sugfar. and 
'J • N not readily crystallize ; the sugar is at 
Ij: wards re lined and formed into cakes, which 
ar-? tL-rmed loaf su^r. 

7:^*1. ^Starch is an abundant product of the 
veg»nable kingdom, being the chief ingredient of 
most varieties of grain, and of the roots of soms 
VL-:;etableSj especially the potato. 

J ..>:. It 15 reaJilj procured from wheat floor, which coniitf 
c^ - :!y of starch and ciuu n. the former of which is slightly so- 
]:■■'.>■ i:i water, while the latter is not. By letting a small <:□• 
n :.i oi water fall upon the dough of wheat flour containeiJuii 
I :• .*!- of linen, the starch is washed away, hut the gluten n* 
mi: MS in the linen; most of the starch will, by standing i 
%\ !.i!i-. be doiMbitod in a white powder upon the bottom of the 
vi — . ! which is ta.«»tolei«s and inodorous, and nearly insoluWeip 
.;!' 'i. 1. fth»*r. or co!J water, but soluble in boiling water. anJi* 
i.»i !' {ii^sited on coaling. The bes*i test of its presence is & 
f=v.: •!..:! i.f ioJine. uhicli produces a Ivautiful blue. 

/.'-;< l*n»parr a >oiution of starch in boLilntr water, and 
will M <*iild p-jur into it a single drop of an alcoholic solution ot 
i-»':i'M\ .1 tljip deep blue will Iw formed. Indian arroic root,ta- 
'. •.: :. tin'\ :>asro. arc of a sii.nl::i nature to starch. 

7.27. (rum is found in a great variety ol 
pi.iiit.5 and trees; thus the cherry, plum, aud 
jn-'ach tree, yield a gummy substance, but the 
purest kind is that wliich is obtained from a 
spt'cics of tlie acacia tree, growing in Arabia 
ami some parts of Africa, whence it derives the 

'''■it. W'liiit is umla.-sis or tu-itcle 1 

7;!«i. ])c<H nl>ti Hiarch, niid the manner of prejiaring it. 

'^'■^T. DcAcrihe gum, its sources, usee, &c. 
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name of gum arable. It is procured in such 
quantities as to furnish most other countries 
with the article. It contains much nutriment ; 
Ae Moors are said to Uve on it almost entirely 
during their harvest-; six ounces a day being 
suflScient for an individual. Gum js soluble in 
water, but insoluble in alcohol ; it is extensively 
used in glazing calicoes and other goods, as well 
as in medicine. 



CHAPTER IV. 

VEGETABLE ALKALIES. 

728. These substances, according to Dumas, 
besides containing oxygen, hydrogen, and car- 
bon, also contain nitrogen. They are generally 
insoluble in water, and partially soluble in 
cold alcohol, but are quite soluble in boiling 
alcohol. 

729. The vegetable alkalies are supposed in 
all cases to exist in the plant in combination 
with some native vegetable acid constituting a 
salt ; to obtain the vegetable alkali therefore, we 
have only to present some stronger alkali that will 
combine with the native acid, the vegetable al- 
kali being set free will, from its insolubility, be 

r 

738. What is said of vegetable alkalies ? , 

729. Wbat is the state in which the vegetable alkalies exist in plants, 
and how are they obtained 1 

27 



310 vaamsLi a 

precipit to the bottom. We first boQ 

subetai 1 water, which dissolves the 

ble sail, I then add potash soda or 

and the . :etable alkali is precipitated. It may 

then be ; jred on a filter and allowed to diy. 

By thispi«.'ess,ail the vegetable alkalies may bt 

obtained. 

730. , rpAia is the active principle of opium 
or that t.„. " "^ " ' 

by a German 
first vegetable 




and was discovend 
I 1803. It was thB 
red. Another prin- 
itained in opium, to 
irious effects of ihia 
h as headach, sick- 
leparatiug the mor- 
■ulphuric acid asul- 
1, by administering 
,ood effects of opium 



siple called narcwr -- 
which the subseqm 
medicine areascrii. 
oess of stomach, d^c. 
phia and combining it \ 
phatc of morphia is foi 
which we may secure tLi- 
and avoid the bad. 

731. Qunia or Qutnine is the active priDci- 
pie contained in the penivian bark, and is ob- 
tained in the same manner as morphia, and 
given in the form of sulphate of quinine. It ii 
much used as a remedy in fever and ague. 

732. Strychiiiaia the poisonous principle coa- 
tained in ^e St. Ignatius' bean ; it is also con- 
tained in the Bohon upas or the celebrated poi- 
sonous tree in the island of Java. 



730. WhitliuldarDiorphliil 
~31. WmibaldDrqulnlDel 
73U. WliuUuiil>(iU7CtiiiK1 
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- Obs, It 18 said, that criminab in that iaUnd won fimiiMly 
•zecyted bv darts poiaoned by this substance, and that on bch 
log woundfed they trembled violently, uttered piercing cries, 
and perished in fnghtful convulsions in ten or fineen minutes. 

' 733. Picrotroxia is the bitter and poisonoos 
principle contained in the plant called coctUus 
tndums. It is the substance used to poison 
fish^BS. 

Oba. For this purpose, it is mixed in fine powder with flour, 
which is made into paste and thrown into the water, the fishes 
psrCakingof it become intoxicated and come to the top of the wa- 
ter where they are easily taken. It is used by the brewers to 
Cit into beer as a substitute for alcohol in producing the ezhi- 
rating effect 

734. Emetia is the active principle of the 
eipetic powder called ipecctcuanha^ or more fre- 
quently ipecac. 

Saf^guinarina is the active principle of blood 
root, {Sanguinaria canadenitis,) nicoiinej of to- 
bacco, piperine, of black pepper. 



CHAPTER V. 

SUBSTANCES WHICH, AS FAR AS WE KNOW, DO 
NOT BELONG TO EITHER OP THE PREVIOUS 
CHAPTERS. 

735. Coloring matter. Of this the vegetable 
kingdom is rich ; saffron produces a fine yellow, 

*— i^^ ■ ■ » ■ ■ ■»■ ■■ -■■»■■■ « ■■■ I ■ ■■ ■■ a^— ^— ^^^■^■■^P»^ii^*^i^— ^^**^i— 

733. What is said of picrotoxia ? 

734. What is «aid of emetia, sanguinarina, nieotine and piptrinef 

735. Wliat is Mid of coloring matter 1 



PART y. 
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744. The chief drcmistaiices which serve to 
distinguish animal fiom vegetable matter, are 
the presence of nitrogen ; their strong tendency 
to putre^, and the highly offensive gaseous pro- 
ducts of their putre&ctioD. Thb presmce of 
nitrogen, however, is not a decisive evid^ee of 
animal matter, inasmuch as the yet^netaUe alka- 
lies contain it, and the animal oils do not 

Obt. As we hftfvtlmdj ueeeded iIm intendad liaitt oTllii 
work, w« tliAii ba compeUid to ba aiora brinf ia Ihli put oftbt 
■uhjeci thao wm oiigiMUj iiiteiMl0d|Uid tbAll ihtnton toaim 
ounrlvcs to a very ■bort deecriptlim of the nKwi impoitaM 
proximate principlM. 

7 15. The first of these which we shall notice 
is /j7>ri/i, which constitutes a lar^ part of the 
llosh or muscular portions of animals. It exists 
ill the blood in the state of solution, and is the 
cause of its coagulation when drawn from the 
body. It is of such a nature, that when once 
solidified, it cannot be again dissolved without 
changing its properties. It is readily procur^ 
by washing ail the coloring matter from the lean 
parts of beef. It is a grayish white solid, which 

— — ■ — - - - ^um^a^mmmm^imt^r^^ 

744. What are the characten of animal ittbttancea? 

745. What is Mid of fibrin f 
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in the moist state is exceedingly disposed to pu- 
trefy. 

746. Albumen is best procured from the 
white of eggs, which consist almost solely of this 
principle. It is contained in the serum or white 
part of blood, on account of which that article 
is much used for clarifying sugar. Th^ most 
remarkable property of albumen, is the readi- 
ness with which it coagulates from heat by the 
action of acids or alcohol. 

0&«. 1.^ The action of heat in coa^ating albamen, renders 
it oaeftil in clarifying coffee and vanous other liquids. Thus. ' 
in clarifying coffee, the white of an egg is mixed with it, and 
coagalates by boiling, and, becoming; heavier, falls to the bottom, 
entangling and carrying down with it those minute particles 
which would otherwise render the liquid turbid. 

2. Wine is sometimes clarified with albumen ; tho alcohol 
co n tai n ed is sufficient to coagulate the albumen. The readi- 
ness with which albumen coagulates, is the reason why the 
process of boiling eggs is so soon accomplished. 

747. Gelatine is a soft jelly-like substance, 
always abundant in young animals. It is con- 
tained in the head and feet of calves, and may be 
procured from almost any kind of meat by boil- 
ing. The skins of animals are chiefly gelatinei 
ai^ it is largely contained in cartilages, tendons^ 
membranes, and bones. 

' -K 748. It is very soluble in boiling, and partial- 
ly" (so in cold water. A concentrated hot solu- 
tion on cooling, becomes more or less solid, con- 
,*t— . 

\ 746. What are the sources and uses of albumen ? 

747. Give the substance of observations 1 ^nd 2.— What are the sourcea 
of gelatine, and. how is it prepared ? 

748. What are the properties of gelatine and the names applied, and 
bow !■ glae prepared 9— what is isinglass 1 
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■titudnff g\ue, size, or jelly, according to its con- 
sistence and the uses intended. 

Ol* L Glue ii nudp bj billing Ihc tare, fret, anJ trfi*J 
eoltingi rf the «kii» of DnioiaU in nsier, concentnlitiE ^ 
•alulun Ua fenain uWnl, aiiil trhcn it begins lo aalidilr, cd- 
ling it inta ilicac, uiJ ilrving U on net nork tlretciiH op* 
WDuJcn frwnra. 

S. 1ainf(aniBibaii»TlT paregcladae-. tbeKieDtificnanKi'' 
which w KA»yo«bUa. The bejl b obninrd rrom litibei o! lL> 

prppiring nriain jrllira, uui for clarifying liquiib. I 

719, Gelatioe, 8s was sbown in the descrip- 
tion of tannin, has the property of precipitating 
that substance from its solution in water, vhich 
in effect constitutes the process of tanning, 

lUutl. Tbd ikini composfil of nuilj pure gelaline in lh> 
»oliJ ilalc, hping prr»ioinly (Ipprivnl of the Lair, bit iniinewti 
in WBlcr containing cutrKl; graani) onk bark, and nllowrita 
rBmiun uutil Ihc linnin of the bnrii has penctratci] lh« whidB 
tbicknf» of Ihc akin, lui J combining nith its gelatine, eoamU 
the tv bole into lolher. 

750. Kuimal oils, or oleaginous princi- 
ples, have different names, either from their 
consistence or from their sources ; thns, lard a 
the fat of swine; talloto of neat cattle; sper- 
maceti is the principle which is obtained nom 
the head of the spermaceti whale, {Pkjfaeter ma- 
crocephalus,) and is much used in the mann&c- 
ttiro of candles. It is obtained by subjectifae 
the matter obtained from the head of the aniiou 
to pressure in bags, by which all the liquid eft* 
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ter is ^pressed out, and sold under the name of 
spermaceti oil, constituting the best lamp oil. 

761 . Train oil, more commonly called whcde 
ail, is obtained by means of heat from the blub- 
ber of the whale, (chiefly the BaUena mystice- 
tus;) hence the animal is often called the blub- 
ber whale. It is extensively employed in the 
preparation of oil gas, and for burning in com- 
mon lamps. It has a reddish brown color, and 
a very disagreeable odor. 

762. When either the train or spermaceti oil 
is exposed to cold, it separates into two parts, 
one of which is solid and remains at the bottomi 
while the other is liquid and floats on its surface. 
The former is called stearine and the latter 
tlaiiie. 

Obs. Stearine is the chief ingredient of the solid oleaginoos 
principles, such as hutter, lard, and suet, while the oils contain 
a large proportion of elaine. This last principle is much used 
by watchmakers to oil the wheels of watches. 

763. Oils unite readily with alkalies as before 
shown, (507 and 517,) and form soaps in which 
the stearine and elaine are converted into two 
acids called the magaric and oleic acid, and a 
principle called glycerine, 

Obs. Hence soap is in composition a true salt ; potash foap 
is therefore a mixture of the oleate and magarate of potaBh, 
wMle soda, or hard soaps are compounds of the same acids with 
soda. Stearine, which exists in tne solid matter of oils, is con- 
¥6rted into stearic acid in the process for making soap. 

751. Give the sources, preparation, and uses of train oil. 
753. Describe stearine and elaine, their preparation and asefl. 
753- What ii said of magaric and olei^ acid, and of tht constitatton of 
soapif 



